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FOREWORD 
The aim of the Health Care Systems Task at IIASA is to 
build a family of models for national health care systems and 
to apply then, in collaboration with national research centers, 
as an aid to health service planners. This approach envisages 
a number of linked submodels dealing with population, disease 
prevalence, resource needs, resource supply, resource alloca- 
tion, and external systems. Different submodels and combina- 
tions of submodels will be appropriate for applications in 
different health services. 
These Collaborative Papers contain the papers submitted 
by the participants of the June 1979 IIASA workshop on modeling 
Health Care Systems (HCS) and a brief summary of the principal 
items of discussion that took place during the meetings. The 
participants represented 13 countries, the Headquarters of the 
Xorld IIealth Organization (XHO) , and its Regional Office for 
Europe. The aims of the workshop included reviewing the HCS 
modeling that has been done at the participating organizations 
and discussing the possibility of extending the HCS Task at 
IIASA to include health-economic models. In order to promote 
a more rapid publication of the workshop proceedings, the papers 
have not been edited and are direct reproductions of the manus- 
cripts provided by the participants. 
Recent publications in the IIASA Health Care Task are 
listed at the end of these proceedings. 
Andrei Rogers 
Chairman 
Human Settlements 
and Services Area 
This  paper was o r i g i n a l l y  prepared under t h e  t i t l e  "Modelling 
f o r  Management" f o r  p r e s e n t a t i o n  a t  a  Nate r  Research Cent re  
(U.K. ) Conference on "River  P o l l u t i o n  Con t ro l " ,  Oxford, 
9 - 1 1  A s r i l ,  1979. 
ABSTRACT 
These Collaborative Papers contain the gapers submitted by 
the participants of the June 1979 IIASA workshop on modeling 
Health Care Systems (HCS) and a brief summary of the principal 
items of discussion that took place. The participants represen- 
ted 1 3  countries, the Headquarters of the TJorld Health Organiza- 
tion (WHO) , and its Regional Office for Europe. The aims of the 
workshop included reviewing the HCS aodeling that has been done 
at the particigating organizations and discussing the possibili- 
ty of extending the HCS Task at IIASA to include health-economic 
models. 
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MODELING HEALTH CARE SYSTEMS: 
JUNE 1 9 7 9  WORKSHOP PROCEEDINGS 
INTRODUCTION 
On June 6-8, 1 9 7 9  the International Institute for Applied 
Systems Analysis held its thir2 workshop on modeling Health Care 
Systems (HCS). The aims of the workshop were: 
1. to consider the next step in the HCS Task, the 
possible extension of the task to include health- 
economic models, 
2. to update knowledge of the state-of-the-art in 
this field of work in IIASA, WHO, and national 
centers, 
3. to discuss directions and plans for model appli- 
cation in national and international centers. 
The workshop was divided into six sessions (two of which were 
held simultaneously) with each session devoted to one or more of 
the three aims. 
Of the 34 participants, 28 were from research groups repre- 
senting 1 3  countries, 2 were from WHO, and 4  were from IIASA. 
Over half the participants presented papers. These have been 
reproduced in their original form in Section 2 of these proceedings. 
Section 1  gives a list of the papers presented at each session 
and the discussion that followed. A complete list of the partici- 
pants and the organizations they represent is given in the Appendix. 
I. PAPERS AND DISCUSSIONS OF EACH SESSION 
Session 1. 
State-of-the-art in the Development of 
the HCS Model at IIASA 
Chairman: A. Rogers (IIASA) 
Papers 1. Introduction to the Health Care Task*, 
E. Shigan (IIASA) 
2. Health Care Systems Xodeling: The Approach 
Adopted at IIASA, P. Aspden (IIASA) 
3. IIASA Health Care Systems Sub-Models: Short 
Overview and Latest Results, P. Kitsul (IIASA) 
4. ~pplication of IIASA Health Care Systems 
Models in NMO Countries, D.J. Hughes (UK) 
5. Problems and Experiences in Adapting IIASA 
Health Care System Models to the Specific 
Conditions of the GDR, K. Fuchs-Kittowski, 
J. Otto, H. Friedmann, T. Hager, C. Dahme, 
E. Muehlenberg (GDR) . 
6. A Test Application ofthe DRAM1 Model to Quebec 
Data, J.M. Rousseau (Canada) 
Discussion 
Mr. ~ a r o  congratulated the HCS Task on its achievement 
over the last two years. He added that he thought the models 
developed incorporated the "realities of management". Professor 
Kaihara also congratulated the HCS Task on its achievement. He 
considered that applications of models fell into two stages, 
(1) using the model to analyze data, and (2) making model pre- 
dictions for planners. He asked which stage the Canadian appli- 
cation had reached. D. Hughes replied (Prof. Rousseau not being 
present at the time) that the Canadian application was in the 
first stage. However, he pointed out that a major application 
of DRAM in the Department of Health in England is in the second 
stage. This study is concerned with estimating, in terms of the 
numbers of patients treated, the likely effects of different 
resource constraints. 
* 
No written formal paper for *is presentation 
Professor Reinhardt asked Dr. Hughes what was meant by the 
calibration of DRAM. Dr. Hughes replied that calibration meant 
determining parameters for DRAM. This can be achieved either 
by inferring their values from previous resource allocations 
or by using routine statistics (or special surveys) to estimate 
them directly. 
Professor Shigan commented that the HCS Task hopes to carry 
out regional case studies in the Silistra Region, Bulgaria, and 
the South West Region in England. 
Session 2. 
Development of HCS Models: General Aspects 
Chairman: N. Bailey (WHO) 
Papers 1. Modeling the Effects of National Health 
Insurance in the USA, G. Wilensky (USA) 
2. On the Analysis of Regional Health Service 
Utilization, P. Ruotsalainen, P. Nokso- 
Koivisto (Finland) 
3. The Role of Sensitivity Analysis in Health 
Care Systems Modeling, N. Bailey (WHO, Geneva) 
4. A Stochastic Approach to Health Service 
Models*, B. Schneider (FRG) 
5. Towards Systems Analyses of Health Services 
in the Federal Republic of Germany, 
D. Schwefel, W. Van Eimeren (FRG) 
6. A Program for the Elaboration of a public ~ealth 
Model for Silistra District in Bulgaria** 
E. APOS~O~OV, A. Zenov, S. Bacev, E. Petkova 
(Bulgaria) 
Discussion 
Much of the discussion in this session was concerned with 
the collection of EfCS data, particularly in connection with various 
interest groups like doctors, health insurance companies,etc. 
Dr. Wilensky reported that in her experience it was difficult 
to collect good quality data. Further it was inappropriate to 
generalize to the whole population results of analyses of data 
* 
iJo formal paper submitted 
**Paper not presented formally as authors unable to attend workshop. 
from such a self-selecting group as people in a given health 
insurance company. Rather it was necessary to produce a sample 
of the population and then collect the appropriate data from 
doctors and insurance companies. This approach had been adopted 
in the U.S. with success. She cocmented further that the U.S. ex- 
2erience was contrary to the yessimism about Zata collection that 
she had understood from the presentation by Professor van Eimeren. 
In reply, Professor Van Eimeren said he had been somewhat 
misunderstood. In his view, health data from routine sources in 
the FRG were suspect as they were likely to be biased in favor 
of the interest group providing them. To avoid this, one must 
carry out sample surveys, but here again there were problems in 
theFRG. Health information was an important part of the bar- 
gaining between the various interest groups, and these 
groups were reluctant to share information. He added that any 
model of the FRG Health System must explicitly include the 
various interest groups (e.g. insurance companies, doctors, etc.). 
Dr. Lagergren said that the analyst begins with data collected 
for administrative pur2oses. This data quickly becomes insuffi- 
cient and he finds it difficult to persuade the decision maker 
to collect more data, because somehow it is assumed that no extra 
data are required to make decisions. 
Professor Shigan said he would speak in more detail about 
information requirements for modeling purposes. He thought it 
was time to review the type of health information collected, in 
view of the lack of informatior concerning such external sub- 
systems as education. He also thought there was a need for strate- 
gic information systems for long-term planning purposes. 
Session 3a. 
Economic Aspects of HCS Modeling 
(Sessions 3a and 3b were held simultaneously) 
Papers 
Chairman: U. Reinhardt (USA) 
1. Output Yeasures and the Interaction of Public 
Expenditure Programmes, C.E.R. Tristem (UK) 
2. Resource Allocation Problems in HCS, 
M. Bo janczyk (Poland) 
3. Suggestions for IIASA's Role in Modeling the 
Economic flechanisms in Iiealth Care Provision 
F. Rutten (The Netherlands) 
4. The Spatial Organization of Urban Hospitals, 
L.D. Mayhew (UK) 
5. Thoughts on Systems Analysis of the Health 
Care System, P. Fleissner (IIASA) 
Discussion 
The view was expressed that the current Health Care Systems 
models were of a "mechanistic" nature and contained oniy simple 
behavioral ideas. It was considered that the HCS Task should 
develop models of a richer behavioral character which would 
encompass the market orienteted HCS. These models would 
incorporate the fact that there are, in market orientated sys- 
tems, many actors and interest groups, each with differing ob- 
jectives. Economic variables would be an important part of 
these models which would attempt to explain behavior and indi- 
cate the variables through which the system can be modified. An 
example of such a model developed at Leyden University was des- 
cribed briefly by Dr. Rutten. Here an attempt was made to ex- 
plain the level of outpatient and inpatient care in the Nether- 
lands by means of regional variations in supply of resources, 
population density, etc. 
There was also a discussion on whether it was possible to 
develop universal behavioral models for the HCS. It was reco7- 
nized that the health systems of many countries had many areas of 
commonality. However, it was considered that universal models 
could not be built because the definitions of basic variables 
would differ between countries and because of the differences 
in data availability. One possibility appeared to be to develop 
a behavioral model of some aspect of one country's health 
system and try to parameterize it in an other country. The 
extent to which the model represented behavior in the second 
country would be important. 
In discussing the objective functions one should use for 
resource allocation in HCS, Dr. Kitsul pointed out that the 
Soviet Health System was not as centralized as was perhaps 
thought. With regard to health planning the Soviet Republics 
had considerable autonomy and only a few subsystems (e-g. man- 
power) were centrally planned. Dr. Hughes also pointed out 
that in the UK the Regional Health Authorities had considerable 
autonomy. Furthermore, in planning health services, the UK 
Government had to consult a considerable number of interest 
groups. 
Session 3b. 
Problems of Health Estimation in Developing HCS Models 
Chairman : J. Radkovsky (CSSR) 
Papers 1. The Modeling of the Sampling Procedure for 
the Hungarian Hospital Morbidity Studies, 
L. Greff, A. Kramli, J. Soltesz (Hungary) 
2. A Survey of Health Care I.lodels to Evaluate 
Screening Programs in Japan, S. Kaihara, 
N. Kawamura (Japan) 
3. Epidemetric Plodel of Tuberculosis 
J. Radkovsky (CSSR) 
4. ~nteractions ,Among Health Care Subsystens 
and the Need for an Extended Inforration 
Supply, E. Shigan (IIASA) 
5. Model for Short-Term Prognosis of the Need 
of Growth of Medical Personnel (Physicians, 
Stomatologists and Pharmaceutists) and Stu- 
dents' Admission to Higher Medical Educa- 
tional Institutions*, A. Zenov, S. Bacevt 
E. Petkova (Bulgaria) 
* 
Paper not presented formally as authors unable to attend workshop. 
Discussion 
(See Chairman's Report given in Session 4) 
Session 4. 
Decision Maker's Requirement for 
Models and their Application 
Chairman: C.E.R. Tristem (UK) 
1. Summary of Reports and Discussions from 
Sessions 3a and 3b 
Chairman: U. Reinhardt (Session 3a) 
Chairman: J. Radkovsky (Session 3b) 
(No formal papers, see below) 
Paper 2. Strategic Health Planning innchanging 
Economic Environment, A.S. ~ a r 6  (Finland) 
Report of Session 3a. 
Professor Reinhardt said two important issues arose during 
Session 3a's discussion. Firstly, in discussing objective func- 
tions for resource allocation, it was pointed out that health 
services in countries such as the USSR and the UK were not as 
centrally planned as was imagined. Secondly, it was suggested 
that the HCS Task should consider extending its work from "mecha- 
nistic" modeling (described as simple behavioral models) to models 
that would incorporate richer behavioral assumptions. The metho- 
dology for producing such models has been relatively highly 
developed in the U.S. How should IIASA move into this area? One 
suggestion was to develop a core model and then apply it in several 
countries. This idea was discarded because of differences in 
culture, variable definition, and data availability among coun- 
tries. Professor Reinhardt ended by saying the alternative seemed 
to be to look at problems common to many countries, such as drug 
prescribing and long-term care. 
Discussion 
During the subsequent discussion it was made clear that in 
market orientated health care systems, it was possible to influence 
tne system by price mechanisms and government ?olicy levers. 
The importance of developing behavioral economic models lay in 
improving our understanding of how the system works so that 
price mechanisms and policy levers could Se used effectively. 
Professor Reinhardt reported that the American delegation felt 
very positive about collaboration with IIASA because it is an 
international institute an2 there is much to be gained from an 
exchange of ideas. 
In conclusion, it was suggested Chat the HCS Task at IIASA 
should hold further bilateral discussions with scientists in 
market orientated health systems (e.g. U.S., FRG, and the Nether- 
lands) to see if a mutually beneficial program of research could 
be set up. The aim could be to produce some proposals by the 
next workshop. 
Report of Session 3b. 
Professor Radkovsky said the session was mainly concerned 
with the development of health estimation models for devising 
improved strategies of health care. The overall conclusion 
was that more information was required to improve the quality 
of these models. He then summarized each paper. The first 
paper described an approach to patient-oriented information 
systems developed in Hungary. Professor Kaihara from Japan 
described models for evaluating screening programs for gastric 
cancer and cardiovascular disease. Professor Radkovsky then 
presented a paper giving details of an epidemiological model 
for the TB program. He indicated how this model could be im- 
proved with greater knowledge of the disease. Professor Shigan 
then gave a presentation concerned with the problems of modeling 
the interactions between different subsystems of the HCS and 
other systems. 
Discussion 
Professor Shigan sai6 it was difficult to study the HCS 
because the collection of much routine data was not standardized 
over space and time. 
Professor Radkovsky suggested that the correlation between 
polution (air, water, noise, etc) and health could be a possible 
research topic for IIASA. 
Session 5. 
Concluding Session 
Chairman: E. Shigan (IIASA) 
1. Collaboration between IIASA HCS Modeling 
Task and National Centers, E. Shigan (IIASA) 
(No formal paper, see below) 
Papers 2. Collaboration in Health Care Systems 
Modeling between IIASA and WHO, 
N. Bailey (WHO Geneva) 
3 .  Development of Research in WHO-Europe*, 
H. Zollner (WHO, Copenhagen) 
Discussion 
Professor Shigan began his presentation by saying that the 
HCS Task will continue to develop the existing models and the 
existing collaboration with research centers. After hearing the 
presentations given at the workshop he thought that there were 
possibilities of further collaboration with institutes in the 
FZG, Poland, and Finland for DRAM, and Austria, Hungary, Japan, 
and Czechoslovakia for the health estimation model. 
Professor Shigan then said he hoped the Task would develop 
new health care models. With regard to health economic modeling 
he thought there were some problems because of basic differences 
between the member countries of IIASA. Nevertheless, he hoped 
that some research could be set up in collaboration with the U.S. 
and the Netherlands, particularly the former because of its great 
experience in this type of research. Furthermore, it may be 
possible to hold a special seminar on health economic modeling. 
He continued by saying that IIASA hoped to start in the 
HSS Area a new task on manpower modeling. Some of the initial 
work will be on medical manpower modeling. This is a problem 
common to all countries, East and West. Some countries have a 
shortage of physicians, others have an imbalance between 
* 
No formal paper submitted. 
physicians and nurses. He hoped that Professor Reinhardt would 
be able to help with this work. 
Professor Shigan ended his presentation by saying that the 
HCS team was small at IIASA and that the success of the HCS Task 
depended greatly on successful collaboration with other research 
institutes. 
After Dr. ~6llner's paper, Professor Shigan closed the 
workshop by thanking the delegates for their participation and 
by expressing the hope that they would continue their contact 
with the HCS Task at IIASA. 
Conclusion 
Theaims of the workshop as expressed in the introduction 
to t!lese proceedings were achieved. The main achievements were 
two fold. Flrstly, the participants agreed that consideration 
should be given to expanding the HCS Task to include health- 
economic (behavioral) modeling, and that IIAS4 should explore 
the possibilities with interested parties. Secondly, following 
participation at the workshop, the U.S. delegation expressed 
a favorable response towards collaborative research with IIASA. 
Participants at the workshop were also brought up-to-date with 
the work of the HCS Task by formal presentations and by the 
Status Report written by Shigan,et al. Lastly, the workshop 
helped to strengthen existing links and develop new ones with 
national centers. 
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HEALTH CARE SYSTEMS MODELING: 
THE APPROACH ADOPTED AT IIASA 
Philip Aspden 
INTRODUCTION 
This paper briefly describes the approach and objectives 
adopted at IIASA towards Health Care Systems Modeling. The paper 
begins by outlining the distinctive features of the Health Care 
System. The Health Care System is complex and it is difficult, 
if not impossible, to develop a comprehensive model of the whole 
system. Consequently, it is only practical to model subsystems 
and this is what we have attempted to do at IIASA. 
The reasons for choosing the particular submodels developed 
are then discussed. The paper ends with a description of some 
of the technical characteristics of the submodels. The paper 
follows closely Section 2 of the Status Report (Shigan et al). 
HEALTH CARE SYSTEMS 
The distinctive features of Health Care Systems (HCS) are 
considered to be: 
- The HCS is a social system. Its behaviour reflects the 
participation of individuals such as patients, doctors, 
health managers, and their interrelations with external 
systems. 
- The HCS is often organized hierarchicaZZy. Not only are 
the systems in particular regions often managed sesara- 
tely but there is usually some specialization according 
to the severity of disease. 
- The HCS is dynamic. The number of doctors available to- 
day depends upon the training policy of five to six years 
ago, and society's health today may depend upon the 
activity of the HCS during the last half century. 
- The main result of HCS activity-- the health status of 
population--can only be estimated by a set of inter- 
related quantitative and qualitative indices. 
- ~ u c h  of the HCS cannot be subjected to experiment. 
- Existing medical data bases are adapted mainly to clas- 
sical medical statistical aims but not to forecasting 
or estimating the consequences of different policies in 
HCS management. 
In summary, from the point of view of mathematical modeling 
the HCS is a complex hierarchical, dynamic, large-scale system 
with a number of quantitative and qualitative criteria and with 
incomplete and indirect observations. Currently, problems in 
controlling and administrating such systems are mostly solved by 
decision makers using their personal experience. It is the aim 
of the HCS modeling activity to assist the decision maker with 
his problems. The HCS is therefore complex and it is difficult, 
if not impossible, to develop a comprehensive model of the whole 
system. Consequently it is only practical to model subsystems. 
Before discussing the subsystems, modeled at IIASA, I will des- 
cribe briefly our general approach to model building. 
APPROACH TO MODEL B U I L D I N G  
Figure  1 g i v e s  o u r  g e n e r a l  approach t o  model b u i l d i n g .  
A s  Yashin and Shigan (1978)  i n d i c a t e ,  modeling c o n s i s t s  o f  t h r e e  
p a r t s :  deve lop ing  t h e  s t r u c t u r e  o f  t h e  model; e s t i m a t i o n  o f  t h e  
paramete rs  o f  t h e  model; u s i n g  t h e  model. For  each  o f  t h e s e  
a c t i v i t i e s ,  t h e r e  a r e  v a r i o u s  d i f f e r e n t  approaches .  Examples 
o f  t h e s e  are g i v e n  i n  F i g u r e  1 .  I n  g e n e r a l  o u r  modeling a c t i -  
v i t y  i s  o r i e n t a t e d  t o  t h e  r i g h t  of  t h e  scheme g i v e n  i n  F i g u r e  1 .  
F i g u r e  2 summarizes t h e  HCS submodels developed a t  IIASA. 
I n  t o t a l i t y ,  t h e s e  submodels r e p r e s e n t  t h e  p r o c e s s e s  by which 
peop le  f a l l  ill and by which h e a l t h  r e s o u r c e s  a r e  p rov ided  and 
used f o r  t h e i r  t r e a t m e n t .  There  are f i v e  g roups  o f  submodels.  
Popu la t i on  p r o j e c t i o n s  are used by m o r b i d i t y  models t o  p r e d i c t  
t r u e  h e a l t h  needs .  Such e s t i m a t i o n  o f  needs  can  b e  used e i t h e r  
t o  e s t i m a t e  r e s o u r c e  r equ i r emen t s  a t  a  c e r t a i n  normat ive  l e v e l ,  
o r  t h e y  can  be  p a r t i a l l y  s a t i s f i e d  acco rd ing  t o  a r e s o u r c e  a l l o -  
c a t i o n  model which h a s  some i n p u t s  from a r e s o u r c e  supp ly  model. 
The a r e a s  o f  c h o i c e  f o r  t h e  d e c i s i o n  maker i n c l u d e  h i s  p o l i c i e s ,  
s t a n d a r d s ,  and performance i n d i c a t o r s .  The HCS r e l a t e s  t o  
o t h e r  sys tems.  For  i n s t a n c e ,  t h e  economic sys tem r e l a t e s  t o  
t h e  supp ly  of  r e s o u r c e s  and t h e  env i ronmenta l  sys tem r e l a t e s  t o  
t h e  incedence  of  morb id i t y .  These r e l a t i o n s h i p s  have n o t  been 
modeled, b u t  may b e  a r e a s  f o r  f u t u r e  r e s e a r c h .  
Given t h a t  w e  canno t  model t h e  whole o f  t h e  HCS, it i s  
r e a s o n a b l e  t o  a s k  why w e  have chosen  t h o s e  p a r t s  t o  model t h a t  
w e  have.  The f i r s t  r e a son  i s  t h a t  t h e s e  a r e  t h e  p a r t s  of  t h e  
HCS which g e n e r a t e  many o f  t h e  impor t an t  medium-term problems 
w i t h  h o r i z o n s  o f  5 t o  15 y e a r s .  Many c o u n t r i e s  a r e  now f i n d i n g  
it n e c e s s a r y  t o  draw up medium-term p o l i c y  p l a n s  f o r  h e a l t h  c a r e  
t h a t  a r e  l i n k e d  w i t h  o t h e r  p l a n s  f o r  w e l f a r e  and s o c i a l  s e r v i c e s .  
Secondly,  i t  i s  t h e s e  p a r t s  o f  t h e  HCS which w e  t h i n k  a r e  e a s i e s t  
t o  pa r ame te r i ze .  The mechanisms by which d o c t o r s  a r e  t r a i n e d  
a r e  e a s i e r  t o  i d e n t i f y  and d e p i c  t h a n  t h o s e  by which t h e  env i ron-  
ment i n f l u e n c e s  h e a l t h .  T h i r d l y ,  t h e s e  a r e  t h e  a r e a s  o f  t h e  
HCS f o r  which d a t a  a r e  most r e a d i l y  a v a i l a b l e .  Every c o u n t r y  
has s t a t i s t i c s  o f  m o r t a l i t y ,  and r e s o u r c e  supp ly  and u s e  which 
a r e  b road ly  comparable.  
Examples 
Examples 
Examples 
Figure 1. Different stages of modeling. 
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.igan, et al. ( 1 9 7 9 ) ,  p. 10. 

A second reasonable question is: Who will use these models? 
We have designed them for use by scientists at IIASA and in dif- 
ferent countries with whom we are collaborating. On the other 
hand we hope that the models will be useful for decision makers 
at the higher levels of the HCS. It is impossible for a small 
IIASA HCS modeling team to establish active links with decision 
makers across the world. In consequence, the preferred form of 
collaboration is for scientists in collaborating countries to 
use the models themselves and to develop their own links with 
decision makers, supported by the HCS modeling team. Two such 
institutions* have exchanged scientific personnel and research 
in this way. Similar institutions in other countries are also 
involved. 
A third natural question to ask is: What technical charac- 
teristics do our models possess? First of all, our models are 
compact and easily programable. We believe that large models 
are hard to comprehend and difficult to parameterize. Secondly, 
we have tried to design models for use with existing data. Such 
models are more useful than models which cannot be used without 
special survey. Thirdly and, perhaps most importantly, we have 
used a mixed modeling strategy in which different mathematical 
approaches are developed. For instance, our morbidity model 
forecasts the number of people in various morbidity states, but 
incorporates no direct element of human behaviour and no 
optimization technique. The resource allocation model is also 
a forecasting model, but in order to simulate some element of 
human behaviour it assumes that the human agents in the system 
act as if they were maximizing a utility function. 
CONCLUSION 
In conclusion, we are creating models which first, will 
represent mathematically the main components of the HCS, and 
second, can be used independently by decision makers at dif- 
-- 
ferent levels of the health care system. 
* 
Operational Research Services, Department of Health and Social 
Security, London and the Institute of Control Sciences, The 
Academy of Sciences, Moscow. 
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IIASA HEALTH CARE SYSTEMS SUB-MODELS: 
SHORT OVERVIEW AND LATEST RESULTS 
Pave1 I. Kitsul 
INTRODUCTION 
The aim of the IIASA Health Care Systems  odel ling Task is 
to develop a large-scale national health care systems model and 
apply it in collaboration with national research centers as an aid 
to the health service planner. The main methodological problems 
of the creation of such a model were solved within the framework 
of the IIASA-WHO conference (Moscow-Laxenburg, 1975) [I], where 
the now well-known conceptual scheme of health care systems was 
proposed (Figure 1 ) . 
This conference defined the main directions of the IIASA 
Health Care Systems Modeling Task, which consists in the creation 
of the suite of interrelated submodels oriented, on the one hand 
to the mathematical re-establishment of the main blocks of the 
conceptual scheme and, on the other hand, to the possibility of 
independent usage in the decision-making practice on the different 
levels of health care system management. 
During the first steps, the main attention of our work was 
given to the resource demands, allocation, and supply modeling. 
The current state of IIASA health care systems modeling activity 
is expressed in Figure 2 [2]. It represents one part of the 
larger system shown in Figure 1: namely,the processes by which 
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people fall ill and by which health resources are provided and 
used for their treatment. This model also summarizes the system 
of submodels constructed in the framework of the IIASA HCS 
Modeling Task activity up to now. There are five groups of sub- 
models. Fopulation projections are used by morbidity models to 
predict true health needs. Such an estimation of needs can be 
used either to estimate resource requirements at a certain 
normative level, or they can be partially satisfied according 
to a resource allocation model which has some inputs from a 
resource supply model. The areas of choice for the decision 
maker include his policies, standards, and performance indi- 
cators. Beyond the HCS boundary are the external systems 
of environment and economy, and we believe that the direction 
of our future activity in these fields will be defined at the 
outcome of the present workshop and the forthcoming IIASA-AMIEC 
Conference in the fall of this year, which are devoted to the 
problems of health economics and environment. 
In accordance with the aim of this workshop, the purpose of 
the present report is to bring to your attention the short input- 
output description of IIASA HCS submodels and to present within 
this description our .progress since the last HCS Task Conference. 
11. THE SHORT INPUT-OUTPUT DESCRIPTION 
OF IIASA SUBMODELS 
1. Models for Demographic projection 
It is obvious that the dynamics of mortality rates and, hence, 
morbidity rates themselves are correlated with the dynamics of the 
demographic age pyramid, and that this correlation is different for 
different countries. In developed countries the age-specific regis- 
tered morbidity rate is changing very slowly over time by comparison 
with the dynamics of age structure. Evidently, therefore, models for 
morbidity prediction must be age-specific and indeed all of our sub- 
models need information about population. 
In some applications it is possible to use population projec- 
tions provided by national agencies with specific responsibility 
for such work. For other applications we have a population model 
developed with the Human Settlements and Service Area of IIASA. 
This model, developed by Willekens and Rogers [ 4 ]  uses spatial 
demographic data and can be used, not only on the regional 
(multiregional) or national level, but also for precise pro- 
jections of population, because it uses more detailed information 
about fertility and mortality rates in the different regions and 
includes multiregional migrations. 
2. Morbidity Models 
The problem of estimating trends in health indices is one 
of the serious problems in all countries, and much attention has 
been given to it by YHO. 
Different alternatives exist for estimating morbidity 
rates using the information available in different countries [S]. 
Such nodels can be divided by their degree of detail into the 
following types: 
-- aggregative morbidity models, which estimate and fore- 
cast "crude" general morbidity rates without specifying 
specific diseases or groups of diseases, 
-- group morbidity models, which model groups of diseases, 
i.e., the classes in the International Classification 
of Diseases (ICD), or the groups used in several IIASA 
publications (degenerative diseases, infections, accidents, 
etc.), 
-- specific morbidity models, which consider specific dis- 
eases (e.g., cancer, cholera, tuberculosis, etc.), 
-- stage of disease nodels, which look not only at a spe- 
cific disease, but also at the different stages of its 
development and at risk-group estimation and classifica- 
tion. 
Together with a number of national centers, and also using 
the statistics of the KHO, we have designed and constructed three 
groups of computer models:' 
-- for estimation of aggregative morbidity rates, 
-- for estimation of morbidity rates for infectious dis- 
eases , 
-- for estimation of norbidity rates for terminal degen- 
erative diseases. 
Aggregative Morbidity Models 
As mentioned above, data about morbidity and its trends can, 
with a certain amount of difficulty, be taken from real comprehen- 
sive studies, conducted periodically in some developed countries. 
But since there are only slight variances among aggregate mor- 
bidity rates, aggregate mortality rates, and the ratios between 
them (risk ratios) over time, it is possible to estimate roughly 
aggregate morbidity data using mortality data from official vital 
statistics and the risk ratios from such studies. The model uses 
as input the age-specific mortality rate, a forecast of the popu- 
lation age structure and the age-specific risk ratio. The cen- 
tral assumption of the model is that risk ratios are constant in 
time. As output the model forecasts age-specific morbidity. This 
model was used as an auxiliary morbidity submodel in the AMER 
model. A similar model for prevalence estimation on the basis 
of age-specific hospitalization, episode and attendance rates 
was developed last year [6] . 
A Morbidity Model of Infectious Diseases 
This model was designed by Fujimasa et al. [7 1 .  The aii;: 
of the model is the estimation of age-specific prevalence and 
death rates per total population for two groups of infectious 
diseases: epidemic diseases (ICD A1-A44), and diseases of the 
respiratory system (ICD A89-A-96). On the basis of some standard 
rates which one can easily obtain from domestic health statistics, 
it is possible to estimate the prcvalcnce rate, discasc spccific 
death rates per capita, and mean l c n g t h  of stay in Lhc sj.cl< state, 
under the assumpti.ons that mean lcngth of stay in the sick state 
is less than one year and prevalence is constant over time. 111 
accordance blith the model's first assumption, the ageing of sick 
individuals during the duration of the disease is not taken into 
account. On the other hand, the second assum>tion implies that 
prevalence does not oscillate during this tine. It means that 
this model itself is static and its technique is static analysis, 
but that the output of the model can he dynamic if one of the 
model's inputs, for example, population structure, is chanyirlq 
over time. 
To t e s t  t h e  v a l i d i t y  of  t h e  model, w e  a p p l i e d  it t o  the data 
of Japan and compared t h e  r e s u l t s  f o r  v a r i o u s  c o u n t r i e s :  F in land ,  
A u s t r i a ,  Sweden, England, Japan ,  and France.  The r e s u l t s  of  
a p p l i c a t i o n  show t h a t  t h e  model can p r e d i c t  t h e  fundamental p a r t  
of i n f e c t i o u s  d i s e a s e s ,  and t h a t  t h i s  t ype  o f .  approach i s  f e a s i b l e  
i n  h e a l t h  planning.. 
Morbidi ty  Models o f  Degenera t ive  Diseases  
~ e g e n e r a t i v e  d i s e a s e s  a r e  i n h e r e n t  t o  human beings.. They - 
a r e  caused by t h e  age ing  p r o c e s s ,  and t h e  morb id i ty  r a t e  i n  t h e s e  
d i s e a s e s  u s u a l l y  i n c r e a s e s  w i t h  age. I n  o u r  work, we have d e f i n e d  
t h r e e  groups  of  d i s e a s e s  a s  degene ra t ive :  c a r d i o v a s c u l a r  d i s -  
e a s e  ( I C D  A80-A88) , mal ignan t  neoplasms ( I C D  A45-A60) , s e n i l e  
d e a t h s  and d e a t h s  from unknown causes  (ICS A1 36-A1 3 7 )  . Unlike 
i n f e c t i o u s  d i s e a s e s ,  d e g e n e r a t i v e  d i s e a s e s  have slower dynamics, 
and s o  w e  must t a k e  i n t o  account  n o t  on ly  t h e  popu la t ion  s t r u c -  
t u r e  and i t s  changes,  b u t  a l s o  t h e  i n d i v i d u a l  dynamic p r o p e r t y  
of each s p e c i f i c  d i s e a s e .  
I n  t h e  IIASA m o r b i d i t y  models f o r  degene ra t ive  d i s e a s e s ,  
d i f f e r e n t  assumptions and t echn iques  a r e  used.  Never the less ,  
w e  s h a l l  t r y  t o  d e s c r i b e  t h e s e  probleins i n  a  u n i f i e d  form. For 
t h i s ,  we s h a l l  i n d i c a t e  t h e  main d a t a  t h a t  w e  can use  t o  e s t i m a t e  
t h e  morb id i ty  of  d e g e n e r a t i v e  d i s e a s e s  on t h e  b a s i s  of m o r t a l i t y  
s t a t i s t i c s .  These d a t a  a r e :  
-- t h e  age d i s t r i b u t i o n  of s p e c i f i c  m o r t a l i t y  r a t e s  and 
t h e i r  dynainics ove r  t i i n e ,  
-- t h e  age d i s t r i b u t i o n  of g e n e r a l  m o r t a l i t y  r a t e s  anG 
t h e i r  dynamics ove r  t i ine,  
-- s u r v i v a l  c h a r a c t e r i s t i c s  which d e s c r i b e  i n  some sense  
t h e  dynamics of  d i s e a s e ,  e. y . ,  t h e  p ropor t ion  of i n -  
d i v i d u a l s  who w e r e  a f f l i c t e d  wi th  a  given d i s e a s e  a t  a  
c e r t a i n .  t i m e  and age ,  and who d i d  no t  d i e  w i t h i n  a  
c e r t a i n  t i m e  i n t e r v a l ,  
-- t h e  p o p u l a t i o n ' s  a g e - s t r u c t u r e  and i t s  dynamics. 
It  i s  p o s s i b l e  t o  d e s c r i b e  n a t h e m a t i c a l l y  t h e  dynamics of 
t h e  p rocess  " h e a l t h  --r-sickness-+death" by i n t e g r a l  e q u a t i c n s  t h a t  
l i n k  t h e  s t a t i s t i c a l  d a t a  l i s t e d  above wi th  morbidi ty  r a t e s  and 
preva lence  d i s t r i b u t e d  by age.  blany morb id i ty  e s t ima t io i l  prob- 
lems call be  fo rmula t ed  i n  t h e s e  t e r m s ,  b u t  the BCS modeling 
a c t i v i t y  i n  t h i s  f i e l d  i s  focused  on one p a r t i c \ . l l a r  prol>lem: 
-- how t o  e s t i m a t e  p reva lence  d i s t r i b u t i o n s  and morb id i ty  
r a t e s  from g e n e r a l  and s p e c i f i c  d a t a ,  s u r v i v a l  proba- 
b i l i t i e s ,  and  popu la t ion  a g e - s t r u c t u r e s ?  
Because t h e  q u a l i t y  of d a t a  i s  n o t  t h e  same i n  a l l  c o u n t r i e s ,  
d i f f e r e n t  assumpt ions  a b o u t  s u r v i v a l  were used i n  t h e  two IIASA 
morb id i ty  models. I n  t h e  f i r s t  I I A S A  model of  t h i s  t y p e  [ a ]  t h e  
fo l lowing  assumptions w e r e  used: 
1. A l l  v a r i a b l e s  a r e  independent  o f  t i m e .  
2. S i c k  people  s u f f e r i n g  from d e g e n e r a t i v e  d i s e a s e s  a r e  
c o n s i d e r e d  as  s i c k  f o r  t h e ' d u r a t i o n  of  t h e i r  l i v e s .  
3 .  Persons  who becone ill w i l l  i n e v i t a b l y  d i e  a t  a  c e r t a i n  
d e f i n i t e  t i m e  a f t e r  c o n t r a c t i n g  t h e  d i s e a s e .  The dura-  
t i o n  o f  i l l n e s s  ( T )  i s  dependent  o n l y  on t h e  t y p e  of  
d i s e a s e .  
I n  accordance  w i t h  t h e s e  assumpt ions ,  t h e  model u s e s  a s  i n p u t  t h e  
popu la t ion  a g e - s t r u c t u r e ,  t h e  d u r a t i o n s  of  i l l n e s s ,  and t h e  d c a t h  
r a t e  acco rd ing  t o  c a u s e  . s p e c i f i e d  by age ,  t o  g i v e  a s  o u t p u t  t h e  
a g e - s p e c i f i c  m o r b i d i t y  r a t e ,  and t h e  a g e - s p e c i f i c  p reva lence  r a t c .  
- I n  comparison w i t h  t h e  f i r s t  model, assumption 3 i n  t h e  
second IIASA d e g e n e r a t e  m o r b i d i t y  model [9] assumes t h a t  persons 
who become ill a t  t i m e  t can d i e  a t  t i m e  T wi th  p r o b a b i l i t y  
P ( t , r )  = P ( t  - T )  , and t h e  p o s s i b i l i t y  of  dea th  from o t h e r  causes 
is n o t  equa l  t o  zero .  This-model needs some i n p u t s  a d d i t i o n a l  t o  
t hose  of  t h e  f i r s t  model. They a r e  dea th  rates s p e c i f i e d  by age,  
f o r  a l l  causes ,  and t h e  survival ,  p r o b a b i l i t i e s  S (t  - T )  = 
1 - P ( t  - T) ob ta ined  from c l i n i c a l  expe r i ence .  This  new assump- 
t i o n  i s  more r e a l i s t i c  t han  assumption 3 i n  t h e  f i r s t  model b u t  
complicates  t h e  model ' s  s t r u c t u r e .  Never the less ,  t h e  e s t i m a t e  
of p reva lence  and morbid i ty  rates can be ob ta ined  a s  t h e  so lu-  
t i o n  of a  sequence of  systems of  l i n e a r  equa t ions .  
Es t imat ion  of mal ignant  neoplasm preva lence  was c a r r i e d  ou t  
f o r  A u s t r i a ,  Bu lga r i a ,  France,  and Japan.  The d i r e c t i o n  of t h e  
development of the morbidity models is toward reducing the number 
of restrictions on population structure dynamics and disease 
dynamics. For example, we require a morbidity model for unstable 
and unstationary population structures. In addition, it is neces- 
sary to adapt these models to use comprehensive health study data 
about a specific region, to avoid the inevitable error of extend- 
ing clinical survival data to the latent sick individuals. Both 
those aspects were taken into account in the dynamic morbiditymel 
(DYMOD), which was tested using data from the South West Region 
of Great Britain and the   ether lands and was recently introduced 
to computer centers in the, Hague and Munich. The example 05 an 
output of the model which represents morbidity/mortality ratio 
for the cancer of the stomach (ICD-151) in the South-West of the 
U.K. is given in Figure 3. 
3. Health Resource Requirement Models 
The IIASA HCS Modeling Group is developing several models 
for health resource requirements using the experience bf differ- 
ent countries in this field. As a first step we have started 
from a normative planning approach.: On the basis of this ap- 
proach, knowledge is obtained from data about population, health 
status, present levels of care, their dynamics, and of how health 
conditions are converted into health resources. Standards can 
then be calculated for the number of out-patient visits per 
capita, the duration of one out-patient visit (in minutes), the 
number of out-patient visits per patient with a specific disease, 
etc., and for similar measures associated with other forms of 
care. 
It is clc3r that the quantitative level of these standards 
indeed reflects the real situation of each country and differs 
greatly from country to country. That is why we have started 
with commonly used standards such as average length of hospital 
stay, bed occupancy rate, and bed turnover interval. 
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w o  models have so far been developed at IIASA: .WER, 
Aggregative Model for Estimating Resource Requirements [ 61 
- - - - - 
and, developed last year, SILMOD, - Sick - Leave ~odel - h 0 1 .  
The basic structure of AMEX and SILMOD is represented in 
Figures 4 and 5. As shown in these figures, the main dif- 
ference between AElER and SILTlOD consists in the methods of 
morbidity estimation and in the population groups which 
are taken into account in each model. To calculate outpa- 
tient doctor equivalent requirements in the MWR model, the 
substitution effect should be taken into account: the lower the 
hospitalization and the shorter the average length of stay, the 
greater is the number of consultations per episode. The main 
assumptions of AMER are linearity and stationarity of the substi- 
tution effect. In the SILMOD model, the substitution effect is 
not taken into account. However, both models assume stationary 
prevalence rates (or risk ratios and sick leave rates) over time. 
The resource requirement models will help the national 
level decision maker, work5ng in an interactive regime, to test 
different policy options and to select the best among them. A 
model also makes it possible to forecast population structure 
changes and mortality and morbidity trends which are very 
important to health care. 
Although these models are designed for forecasting aggregate 
health resources, in some cases they can be used for specific 
classes of disease with precise medical resources. 
4. Health Resource Allocation Models 
DRAM is an acronym for - Disaggregated - Resource Allocation - 
Model. - This model was proposed by Gibbs [ I 1 1  and subsequently 
developed by Bughes [ 1 2 ] .  In the conceptual framework shown 
in Figure 2, the resource allocation model lies between the 
estimation of ideal resburce levels and the prediction of 
available resource levels. It seeks to represent how the HCS 
a-llocates limited supplies of resources between competing demand. 
In every country, doctors have clinical control over the 
treatment of their patients, and it is local medical workers who 
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Figure 5 .  ~ a s i c  s tructure  of  SILMOD 
ultimately determine how to use the resources (e.g., hospital 
beds, nursing care) which are available to them. The specific 
question underlying DRAM is: 
If the decision maker provides a certain mix of resources, 
how will the HCS allocate them to patients? 
DRAM takes input data on demand and supply, uses an hypothesis 
about how allocation choices are made, and gives indicators of 
the predicted behavior of the HCS. The demand inputs are: the 
total number of individuals who need treatment, by category 
(from the morbidity and populationsubmodelsl, the policies for 
treatment (i.e., the feasible modes of treatment for each patient 
category--in-patient, out-patient, domiciliary, etc.), and the 
ideal quotas of resources needed in each patient category and 
mode of treatment. The supply inputs are the amounts of resources 
available for use in the HCS, and their costs (from the resource 
supply production model). The.mode1 outputs represent the levels 
of satisfied demand in a HCS with limited resources. They are: 
the numbers of patients of different categories who receive treat- 
ment, modes of treatment offered, and the quotas of resources 
received by each patient in each mode-of treatment. Inevitably 
'these levels fall short of the ideal demand levels. DRAM modeis 
the different equilibria which the HCS must choose in order to 
balance supply and demand. These results can be used by health 
planners to explore the consequences of alternative policies for 
resource production, treatment, and prevention. 
The latest achievement in the development of this model is 
the estimation of parameters of the model on the basis of a retro- 
spective analysis of the decision-making process 1131. 
The model has been established in Berlin, London, Montreal, 
Munich and The Hague and one of these groups has run DRAM with 
nearly 100 disease categories, reporting a very? eFficient solution. 
5, Application Experiments 
~pplication-oriented IIASA HCS modeling activity has two 
directions. The first is the testing of our models on the na- 
tional or regional statistics of different countries--Japan, CSSR, 
UK, USSR, Bulgaria, DGR, FGR, France, Austria--both by the IIASA 
HCS team and by collaborating scientific teams in these countries. 
, Some results of the work have been described in earlier sections. 
Since IIASA HCS models are intended also for possible in- 
teractive remote use by decision makers at regional, national 
or 'international levels, the second direction is the: experimental 
establishment of dial-up computer links between IIASA and the ' 
offices ofthe decision makers. This experimental work is being 
carried on in close cooperation with the IIASA computer network 
group, who conceived the general framework for such operations. 
In conclusion, it is necessary to emphasize that it would 
be very interesting for IIASA to define the direction of the 
development of our model, in particular the resource requirement 
allocation and supply block of the model, in order to take into 
account the economic mechanism existing in the different HCS. 
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APPLICATION OF IIASA HEALTH CARE SYSTEM 
MODELS IN NMO COUNTRIES 
D. J. Hughes 
1. INTRODUCTION 
This paper is divided into two parts. First I shall sun- 
marize recent progress in resource allocation modelling 
at IIASA, especially on the Disaggregated Resource 
Allocation Model - DRAEI. 
During my year at IIASA, DRAM has been developed in various 
ways: mainly to widen its range of application and to make it 
easier to use in centres outside IIASA. Secondly, I shall 
discuss more generally how the IIASA health care system 
(HCS) models can and have been uses, by the IIASA team and 
by collaborating groups in the national menber organisation 
(NMO) countries of IIASA. 
2. RESOURCE ALLOCATION MODELLING 
You have already heard (Kitsul, 1979) about the five areas 
of HCS modelling at 1IASA:- population, morbidity, resource 
requirements, resource allocation, and resource supply. 
Health resource allocation models lie between the estimation 
of morbidity and the preziction of resource supply, and two 
such models exist at IIASA. The first is DFAM, originally 
proposed by Gibbs (1978). The second is a Model of the 
Equilibrium between Treatment Levels (METL), proposed by 
Hughes (1979). METL is important because it addresses the 
same problem as DRAM, using a different representation of 
behaviour in the HCS. However, while DRAM is now quite 
sophisticated, only a pilot version of METL exists and it 
has not been applied. 
DRAM seeks to represent the way in which the HCS allocates 
limited supplies of resources between competing demands. 
Specifically, it is concerned with the question: 
If a certain mix of resources (e.q. beds, doctors) are 
available for health care, how will the HCS allocate them to 
patients? It is specifically - not concerned with the problem 
of finding optimal allocations of resources. DRAM is a 
simulation model which predicts future allocations on the 
basis of past behaviour. 
I can summarize the model theory with a simple exam2le (The 
most recent precise statement is given in Hughes and 
Wierzbicki (1979) ) .  Think about the use of in-patient 
hospital beds by patients in acute specialties. Suppose 
that just B beds are available per capita of population 
per year. Then the HCS, as represented by medical workers 
at the front line, must choose the admissions per capita 
of population per year x, and their average length of stay 
y, such that 
This equation represents a family of hyperbolae plotted in 
Figure 1. If we could experiment with the HCS, we could 
change B and plot the values of x and y chosen by the XCS. 
Since this is not possible, we make an assumption about the 
shape of solution lines in the x-y space, and we estimate 
Source: Shigan ,  et a l .  ( 1 9 7 9 )  p .  3 9 .  
No. of 
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V Length of stay 
FIGURE 1 DRAM chooses solution points on the line of constarit resources. 
the parameters that define the shape using historical data from 
the HCS. 
In its simplest form, the assumption underlying Dm is that 
when medical workers are faced with increasing levels of B, 
they will increase both x and y. In fact DWA is more 
complicated than this because it can represent different 
-patient categories (e.5. age groups, diseases) 
-resource types (e.g. beds, doctors) 
-modes of care (e.g. in-patient, out-patient) 
It handles these different dimensions with assumptions about 
the relative utilities of care in, for example, different 
patient categories. By assuming diminishing returns up 
to some "ideal" levels of care at which marginal benefits 
are equal to the asset value of bought resources, the model 
may be formulated as an optimization problem. This form- 
ulation has several attractive analytic features, and can be 
quickly solved on a computer. 
The implementation of the full model with many categories, 
resources, and modes is a task completed only recently. 
I don't want to imply, however, that all these features 
of D m -  must be used whenever DRAM is used. The point is 
that the capability is there to extend a simple version of 
the model in whichever direction seems interesting. 
Any model like DRAM is useful only if numbers can be put into 
the model equations so as to calibrate the model for partic- 
ular definitions of categories, resources an2 modes, in a 
given region. For such parameter estimation, we clearly 
need data, and appropriate sources include professional 
opinion, special surveys, routine statistics, and other 
models. Because the parameters of DRAM have meanings 
independent of the model, they can often be deduced 
from the first two sources, and this was our first approach 
to parameter estimation. 
In the last year, however, we have concentrated on ways 
to calibrate DRAM which use and attempt to reproduce 
historical allocation patterns. This is useful because it 
indicates the reliability of the underlying assumption of 
DRAM. If this approach does not yield reliable estimates, 
it rings warning bells about the applicability of the 
model. On the other hand, I don't mean to imply that a 
good fit with the data is all that is or should be obtained. 
The parameters which are so estimated must also seem 
reasonable outside their use in the model. 
Is DRAM useful outside IIASA? I hope so. It uses 
generalised variables (e.g. resources) which are not restric- 
ted in number or type, and as many and whichever categories 
can be used as desired. The computer program is transportable 
and has been installed at other centres. The model is not 
restricted to either small or large data bases. Indeed, D m !  
is not even restricted to applications in health care, and might 
be more generally useful. For the moment, however, let me 
discuss application, not just of DRAM, but of all the IIASA 
models. 
3. APPLICATION OF IIASA HCS FODELS 
For me, the word application is rather vague. It could mean 
1. Running international data through the models at 
IIASA and publishing the results, perhaps with 
comparisons. 
2. Distributing the IIASA models to collaborating 
institutions so that they can apply the models for 
their own purposes. 
3. Tackling well-structure? problems already identified 
in NKO countries with the manpower and models 
available at IIASA. 
4. Tackling problems in NMO countries, where even the 
nature of the problem is unclear. 
Type (1) application has already been undertaken with data 
from several countries including Japan, Jugoslavia, 
and the U.K. Shigan et a1 (1979) give a few examples. 
The IIASA team has just returned from some type (2) 
applications. A few recently developed models were installed 
an2 demonstrated on computers in The Hague (Netherlands) 
and Munich (FRG). These programs will now remain available 
to local scientists, together with continued support  fro^^ 
IIASA. In the case of the Netherlands, the demonstration 
is being followed up by a month long visit to IIASA by 
Dr. Rutten. Similar demonstrations followed our November 
1977 conference on HCS modelling here at IIASA, when programs 
were installed at Montreal (Canada) , London (U.K. ) , Munich 
(FRG) and Berlin (GDR) . This led to Dr. Gibbs (U.K. and 
ex-IIASA) visiting Dr. Rousseau in PContreal, and their 
jointly running DRAM On Canadian data. 
Another example of type (2) application is in progress within 
the group in which I work (Operational Research Services, 
U.K. Health Ministry) in London. Here DRAM is being used 
to help assess the consequences of providing various levels 
of hospital beds in different specialties. The no&el is being 
used to reconcile what might be the ideal distribution with 
what can be afforded. This example is interesting because 
those actually using D m :  have never worked at IIASA. They 
have taken over IIASA work in order to use and develop it 
entirely for their own purposes. 
The difference between type (3) and type (4) application is 
that in the former the IIASA models should seem likely to be 
useful before work begins, while in the latter it might 
turn out that new methods need developing. No type (4) 
application is in progress, and it may be too ambitious 
for a small IIASA team. But I can tell you briefly about 
some type (3) application in the U.K. 
Last January, Dr. Kiesul and I visited the team of officers who 
manage health services in the South Western Regional Health 
Authority (SWRHA) of the U.X. We asked them what problems 
they faced in providing for a population of about three 
million, and they mentioned four. Two of these, to do with 
morbidity and resources, seemed amenable to analysis with 
IIASA models. Morbidity is important to U.K. health planners 
because of the recommendation of the Resource Allocation 
5Jorking Party ( R A W )  to take account of morbidity in 
distributing funds. The resource problem in S W m  is that 
numbers of hospital beds are likely to decrease, and those of 
doctors to increase. Striking the balance between these two 
changes is not easy. 
The other two problems in SWRHA, to do with community care 
and nanpower,seemed more appropriate for an already existing 
local team of analysts. This team can also liaise between 
IIASA and SWRHA on the first two topics. However, in spite of 
these favourable circumstances, there will be difficulties 
in this application. SWRHA is about 1500 krn from this room, 
and the number of personal contacts that can be made is 
therefore severely restricted. The officers in SWRHA are 
preparing plans for health services at this moment, and 
cannot wait indefinitely for IIASA analyses. These rather 
basic problems are just as difficult as those of HCS modell- 
ing. 
How should applicational work continue in the future? There 
is no simple answer. Above all, I think it is difficult to 
expect to organise identical work in many different 
countries. For this reason, I am unenthusiastic about 
suggestions for large-scale comparative studies. Better 
is for the IIASA team to concentrate on a small number of 
useful applications which really test the approach,and 
which will suggest new lines of research. The latter may be 
the most important outcome. 
4. CONCLUSION 
Finally, let me ask you - Is modelling the final goal?, 
with the hope that you will answer - NO. 
-
I ask this because I think that we shall hear quite 
a bit about models during this workshop, and because 
it is easy to forget the reason for constructing them. 
Perhaps we can imagine the chair in the corner to be 
occupied by a sceptical general practicioner. 
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PROBLEMS AND EXPERIENCES IN ADAPTING IIASA 
HEALTH CARE SYSTEM MODELS TO THE SPECIFIC 
CONDITIONS OF THE GDR 
K. Fuchs-Kittowski, J. Otto, Hedi Friedemann, 
T. Hager, Chr. Dahme, E. Muehlenberg 
Due to an urgent need for effective long-term health care 
planning, mathematical models of Health Care Systems (HCS) have 
been developed. These instruments act as an aid in improving 
the quality of medical care for the population and in allocating 
the necessary funds for material and staff. 
At present, the method of mathematical modeling is inter- 
nationally tested for the planning and management of medicine 
in national health care systems. It has also proved efficient 
in the fields of natural and technical sciences as well as in 
economics. However, in contrast to the models developed for 
planning and managing the national economy, formalized models 
as an assistance for the management of HCS are not as yet suf- 
ficient to aid in decisions on principal policies. As described 
by P. Fleissner's and A.A. Klementiev's survey, most models are 
attempts to transfer models of operational research or system 
dynamics to planning and management of the health service for 
the population. Such international model solutions developed 
hitherto are first steps in this direction. On the basis of 
appropriate data they must be adapted to national requirements 
step by step. 
In the past it was our main effort to gain an insight into 
the principles which form the basis of the models. We took into 
consideration the concrete conditions of application in the 
GDR to enable us to come to proper decisions. 
We started from the following considerations: 
1. The method of using models is only one element in 
the decision-making process and in various phases 
of this process models have different functions. The 
employment of the modeling method requires first of 
all thorough theoretical investigation of its field 
of application. 
2. If the application of models is taken only as an ele- 
ment of a process of decision making, the necessity 
arises of comparing such models with the real complex- 
ity of activities and the experience gained from them. 
The system of the models being discussed is of a hierarchic 
character with the following features: 
because of the weak couplings it was possible to 
elaborate each model separately; they were usable 
for answering sub-problems of planning. 
The IIASA models presented had to be incorporated into the 
general conception and strategic orientation of the development 
of the HCS of the GDR. We adapted the demographic models, the 
morbidity models, and the optimization models to our computing 
technique and then checked them separately. 
In this connection we considered the following facts: 
1. Investigating the state of health of the population is 
a prerequisite for the improvement of care organization: 
- models for the description of the demographic 
structure and its prognosis are to be considered 
basic models; 
- because at present there are no international 
statements on general morbidity, knowledge must 
be gained from the development of the specific 
morbidity of disease categories. In this case 
morbidity models may be used. 
2. Based on knowledge of the morbidity of the population 
the following steps are necessary for the organization 
of medical and social care: 
a) improvement of the out-patient and in-patient care 
b) securing staff supply 
C) territorial planning of medical care 
The report of the Human Settlements and Services Area 
"The First Five YearsM* rightly states that several interna- 
tional research centers--among them some of the GDR--wish to 
apply some or all of these submodels and to implement them on 
the computers of their national centers. 
When implementing and testing the programs in the computer 
(EC 1022) of the Humboldt-University the following adaptations 
became necessary: 
1. The programs written in FORTRAN IV had to be adapted 
to the computer because of . 
- deviations from FORTRAN IV to PDP and ESER, 
- deviations in the compiler, 
- different calculating behavior of the computers 
used: name conventions, data identifications, 
carriage control, removal of memory. 
Furthermore, programing and calculating errors had to 
be eliminated as for example division by zero and re- 
moval of redundant statements. Other problems arose 
such as incorporating program variables into a para- 
meter-controlled program or transition of a number of 
sub-programs into an overlay structure. 
We had to investigate the structure of the input-data 
from the structure of the models present at that time 
and from partly incomplete instructions for an eventual 
second use. Thus we were confronted with listed source- 
programs containing unnecessary instructions and errors 
as well as some model descriptions. The material was 
presented as working material by the IIASA Health Care 
Task. The most essential difficulty was the identifi- 
cation of the contents of the input data, not somuch 
the formal description. 
3. Starting from the structure of the models and the com- 
puting program we now had to collect data for the models 
and adapt them to the structure of the input-data of the 
models. We had to overcome differences in the form of 
the present data, because the data, on the one hand, had 
to correspond with the required input-data of the model 
and, on the other hand, we had to apply the recorded 
data with their given structure. The investigations for 
our test were based on GDR-data. 
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So far we have implemented on our computer: 
1. Klementiev, A.A. On the estimation of morbidity, 
RM-77-43, IIASA, Laxenburg, Austria. 
2. Kaihara, S., I. Fujimasa, K. Atsumi, A. Klementiev 
An approach to building a universal health care 
model: morbidity model of degenerative diseases, 
RM-77-6, IIASA, Laxenburg, Austria. 
3. Klementiev, A.A. A computer method for projecting 
a population's sex-age structure, RM-76-36, IIASA, 
Laxenburg, Austria. 
4. Willekens F., A. Rogers Computer programme for spatial 
demographic analysis, RM-76-58, IIASA, Laxenburg, 
Austria. 
5. Gibbs, R.J. A Disaggregated Health Care Resource 
Allocation Model, RM-78-1, IIASA, Laxenburg, Austria. 
6. Klementiev, A.A., E.N. Shigan Aggregate model for 
estimating health care system resource requirements 
(AMER), RM-78-21, IIASA, Laxenburg, Austria. 
We will carry on this task step by step, as far as the 
applicability of the models to real HCS planning can be tested 
and modifications suiting our situation can be suggested. 
About the Demographic Model (Willekens, Rogers, and Klementiev) 
Population models may serve as a basis for long-term stra- 
tegy and planning processes. Fluctuations in the age distri- 
bution of the population influence considerably the capacity 
of the HCS as well as other spheres of society. Overstressing 
as well as understressing of capacities available always cause 
negative effects. Population models also may give early signals 
of essential changes thus enabling the state and society to 
prepare proper medical and social measures. 
A direct comparison of present IIASA-models with GDR- 
models for the analysis and prognosis of population structures 
is not possible at the moment. The application of both models 
is strongly connected to constant (historically unchangeable) 
age-specific birth and death rates. With regard to births the 
development in the GDR is so dynamic that the application of 
constant data, i.e. simply recording current changes, cannot 
justifiably be done. While up to the middle of the seventies 
the age-specific birth rates decreased we, at present , observe 
an increase of the birth rate as a consequence of a number 
of social-political measures of the government. Death rates 
did not change essentially during the past years: thus a certain 
stability seems obvious and justifies the recording of current 
changes. Regarding the dynamics of birth rates even a retro- 
spective study should include data on the trends observed. 
A prospective study requires the formulation of hypotheses 
which, of course, must be backed up be sociological investi- 
gations. 
It should be possible to show up the past trends and to 
formulate a hypothesis on future trends thus extending the 
present model. Nevertheless, this would be a rather compre- 
hensive research task. 
The Morbidity Model (Klementiev) 
With the population structure as a basis, we are attempting, 
with the assistance of the morbidity models elaborated by 
Klementiev, to estimate the number of possible patients suffering 
from degenerative diseases taking as an example the cardio- 
vascular diseases. 
Applying Klementiev's population model we are also 
attempting to forecast trends of such diseases as well as to 
estimate the occurrence of a certain type of degenerative disease 
on the basis of the mortality of this disease. 
Does the GDR-HCS need morbiditv models? 
The estimation of morbidity is a necessary prerequisite 
for planning care according to demands., The complexity of the 
demographic structure and the morbidity necessitate the use 
of mathematical models. 
Are the basic assumptions of the model epidemilogically 
relevant? 
Klementiev's model includes irreversible disease only 
(diseases with a convalescence rate = 0). Are the diseases 
recorded in the model irreversible? A register of myocardial 
infarctions proved that there is a convalescence rate of ( >  0). 
In our view, the "all causes of death" statistics are not suf- 
ficiently conclusive regarding a morbidity estimation. 
For certain types of neoplasms, death by other types of 
geriatric diseases are recorded. With the aid of the data-base 
of a specific territorial registering of all results of myocar- 
dial infarctions the premises of the morbidity model were 
checked. We found that on the basis of the data present we 
have to consider the disease in a more differentiated form as 
follows: 
Group 1: acute death (before hospitalization) 
Group 2: death within the first 7 days after 
hospitalization 
Group 3: survivors of a normal life expectancy under 
regular follow-up, medical therapy, and 
adequate working conditions. 
Can the real progress of a disease be reflected approxi- 
mately by the morbidity model? In the case of myocardial in- 
farction the disease progressed in a more differentiated way 
than the model was able to realize. These variations which 
may be estimated from the register of myocardial infarctions 
provide essential clues for HCS planners and their decisions 
for care. 
Thus Klementiev's model may be used only if the disease 
to be considered 
1. shows a homogenous progress, 
2. is an irreversible disease, 
3. causes mortality because of its morbidity. 
Provisional valuation of the model DRAM (R.J. Gibbs) 
The DRAM model does not serve the analysis of present 
structures but the shaping of favourable proportions in the 
allocatisnsof resources. The hypotheses are not as striking 
and clear as in the case of demographic and morbidity models. 
The main task is to perceive the essential contents of the 
model and then to "re-translate" the hypothesis into the 
language of social hygienists. This is necessary, because 
the use of the model is reasonable only if the social hygienist 
can identify and make himself familiar with the contents and 
concerns of the model. 
a) The basic assumptions or axioms respectively of the 
model must be checked in so far as they have to prove 
relevant for our socio-economic conditions. 
b) It has to be clarified how the necessary basic in- 
formation (which is available only for social hygienists 
of clinicians) can be gained. 
At present, we are in the stage of working up the basic 
hypothesis which would then have to be discussed by a working 
group consisting of social hygienists and methodizers. This 
working group bases its activities on the common convictions 
that models able to answer the following questions would be of 
interest: 
1. Do the allocations of beds to the special departments 
meet the present demands? 
2. Are the beds available utilized according to needs? 
3. Which departments need more beds, if their capacity 
is increased according to needs? 
The following questions came up when this hypothesis was 
discussed in the context of DRAM. These questions could not 
be answered: 
1. May the length of stay be considered a variable? 
2. Can the length of stay be cut down in favour of a 
higher rate of admission? 
3. Is, after all, the need for beds higher than the 
bed capacity? 
A further project is in progress to implement the "Simula- 
tion Model for Sick Leave", by P. Fleissner with data from 
Austria, United Kingdom, and the German Democratic Republic 
in a joint paper, which D. Hughes, P. Fleissner and K. Fuchs- 
Kittowski are preparing. In this case, we also give a special 
interpretation to the data. 
SUMMARY 
It is with great interest that we have observed the work 
done so far in the Health Care Systems Task and on the research 
done in the Human Settlements and Services Area. It is our 
opinion that these efforts are of international significance. 
This is also expressed by our endeavours of the past years 
to build up cooperation with groups interested in the models 
developed by IIASA. 
Regarding the problem-analysis of the different models 
and the checking of the data available, we found that much of 
our data proved more precise than the models required. Within 
other models we considered, the premises were found to be not 
all relevant for our health care system. That means that the 
specific conditions of different countries have to be taken 
into consideration. 
Our participation in IIASA has, up until now, provided us 
with essential stimulations for our future work. We will apply 
the HCS model to our real planning process and will pass on the 
information concerning our activities and results. 
A TEST APPLICATION OF THE DRFMI MODEL TO QUEBEC DATA 
Jean-Marc Rousseau 
INTRODUCTION 
I n  t h i s  paper  w e  d e s c r i b e  a t e s t  a p p l i c a t i o n  of t h e  DRAMI model 
t o  d a t a  from QuGbec Prov ince ,  Canada. W e  suppose  t h a t  t h e  r e a d e r  
i s  f a m i l i a r  wi th  t h e  model D R A M I .  A d e s c r i p t i o n  o f  DRAMI can  b e  
found i n  (Gibbs ,  1 9 7 8 ) .  The purpose  o f  t h i s  e x e r c i s e  i s  t o  i nves -  
t i g a t e  t h e  r e a l i s m  and r e l i a b i l i t y  of t h e  model. The model i s  
used t o  s i m u l a t e  the a l l o c a t i o n  of  beds  i n  a p a s t  y e a r  and t h e  
o u t p u t s  o b t a i n e d  from t h e  model a r e  t h e n  compared w i t h  d a t a  on 
t h e  a l l o c a t i o n s  t h a t  a c t u a l l y  occured i n  p r a c t i c e .  The r e s u l t s  
o b t a i n e d  a r e  q u i t e  s a t i s f a c t o r y .  
THE DATA 
The p r i n c i p a l  sou rce  of  d a t a  used is  t h e  Qusbec h o s p i t a l  form 
AH-101 from t h e  M i n i s t r y  of S o c i a l  A f f a i r s .  The y e a r  1975 was 
s e l e c t e d  because  it was t h e  most r e c e n t  y e a r  (w i thou t  s t r i k e s )  
f o r  which t h e  d a t a  w a s  complete a t  t h e  t i m e  of  t h e  s t udy .  The 
computer ized  form AH-101 i n c l u d e s  f o r  each  Quebec res idon t hos-  
p i t a l i z e d ,  i n  o r  o u t s i d e  the p r o v i n c e ,  b o t h  p e r s o n a l  d a t a  ( a g e ,  
s e x ,  m u n i c i p a l i t y  o f  r e s i d e n c e )  and  medica l  d a t a  ( d i s c h a r g e  d i a -  
g n o s i s ,  s u r g i c a l  p r o c e d u r e  and d u r a t i o n  o f  s t a y )  . 
The d a t a  on  p a t i e n t s  was c l a s s i f i e d  by  d i s e a s e  a c c o r d i n g  t o  t h e  
18 c a t e g o r y  I n t e r n a t i o n a l  C l a s s i f i c a t i o n  of  Diseases ( I C D )  ' A '  
Code. Category  V,  m e n t a l  problems,  i s  however e x c l u d e d  because  
o n l y  a m i n o r i t y  o f  t h e  p a t i e n t s  i n  this c a t e g o r y  i s  h o s p i t a l i z e d  
i n  a c u t e  h o s p i t a l  b e d s ;  moreover ,  this p o r t i o n  v a r i e s  h e a v i l y  
from o n e  r e g i o n  t o  t h e  o t h e r .  F u r t h e m r e ,  c a t e g o r i e s  X I  and XV 
were  regrouped .  Bo th  r e f e r  t o  c h i l d b i r t h ,  and i t s  c o m p l i c a t i o n s  
( i n c l u d i n g  m i s c a r r i a g e )  and i n  p r a c t i c e  it s e e m s  t h a t  t h e  d i f f e r -  
e n t i a t i o n  between these c a t e g o r i e s  i s  n o t  c o n s i s t e n t  from one  
r e g i o n  t o  the o t h e r .  
Tab le  1 
P r i n c i p a l  Demographic and Medica l  Supply  C h a r a c t e r i s t i c s  
o f  t h e  12  Qugbec Regions  ( f o r  1975) 
Regions 
* 
1 -Bas-St-Laurent-Gaspgsie 
2 - Saguenay-Lac-St-Jean 
3 - Quebec 
4 - T r o i s - R i v i s r e s  
5 - Cantons  d e  1 ' e s t  
6a - M o n t r g a l - I l e  
6b - Mont rga l -Lauren t ides  
6 c  - Montreal-Rive-Sud 
7 - 0 u t a o u a i s  
8 - Nord-Ouest 
9 - Cbte  Nord 
P o p u l a t i o n  1 
1 10 - Nouveau Quebec 1 1 5  ( 0.0411 40.0 (33%)  1 7.6 (64%)  
I P o p u l a t i o n  i n  1000 ( D e n s i t y  of p o p u l a t i o n  p e r  s q u a r e  m i l e )  
2 ~ e n s i t y  of  p h y s i c i a n s  p e r  100,000h.  ( %  o f  s p e c i a l i s t s )  ; t h e  
numbers i n c l u d e  a l l  p h y s i c i a n s  t h a t  r e c e i v e  some amount o f  money 
from RAMQ, the n a t i o n a l  i n s u r a n c e  b o a r d .  
-3 
3 Number o f  a c u t e  b e d s  p e r  1OOOh. ( %  o f  t o t a l  bed-days used  o u t s i d e  
t h e  r e g i o n )  
To test  the model,  the 1 2  s o c i o s a n i t a r y  r e g i o n s ,  as d e f i n e d  by 
t h e  Qu6bec government are u s e d .  T h i s  c h o i c e  is  j u s t i f i e d  because  
t h e  p l a n n i n g  of  r e s o u r c e s  is  done on a r e g i o n a l  b a s i s .  Tab le  1 
summarizes t h e  p r i n c i p a l  demographic and m e d i c a l  s u p p l y  charac -  
ter is t ics  o f  t h e s e  r e g i o n s .  Region 1 0 ,  New Quebec,  however i s  
e x c l u d e d .  I t  is  t h e  n o r t h e r n  p a r t  o f  t h e  p r o v i n c e  (as  l a r g e  as 
France)  w i t h  e x t r e m e l y  low p o p u l a t i o n  d e n s i t y  and p r a c t i c a l l y  non- 
e x i s t e n t  medical services (6  p h y s i c i a n s ,  110 b e d s ) .  W e  r e a l i z e  
from t a b l e  1 t h a t  t h e  r e g i o n s  are v e r y  d i f f e r e n t  from one and 
o t h e r .  The i s l a n d  o f  Mont rea l  ( r e g i o n  6a) i s  a l a r g e  u rban  area 
w i t h  a v e r y  h i g h  d e n s i t y  o f  p h y s i c i a n s .  Cantons  de  1 ' E s t  ( r e g i o n  
5)  and Quebec ( r e g i o n  3) have b o t h  a h i g h  d e n s i t y  o f  p h y s i c i a n s  
and a  h i g h  h o s p i t a l  bed  supp ly .  F i n a l l y  C G t e  Nord ( r e g i o n  9 ) ,  a 
low d e n s i t y  p o p u l a t e d  area, h a s  v e r y  few p h y s i c i a n s  b u t  a h i g h  
h o s p i t a l  bed s u p p l y .  Some r e g i o n s  ( r e g i o n s  6b,  6c ,  7 ,  8 ,  9)  a l s o  
u s e  a r e l a t i v e l y  l a r g e  p r o p o r t i o n  o f  bed-days i n  o t h e r  r e g i o n s .  
CALIBRATION 
I n  o r d e r  t o  r u n  t h e  model f o r  e a c h  o f  11 r e g i o n s  an i n p u t  v a l u e  is  
r e q u i r e d  f o r  B r ,  the number of bed-days a v a i l a b l e  f o r  o c c u p a t i o n  
p e r  thousand p o p u l a t i o n  p e r  y e a r .  Because o f  t h e  l a r g e  number of 
p a t i e n t s  h o s p i t a l i z e d  o u t s i d e  t h e i r  r e g i o n  of  r e s i d e n c e ,  i t  w a s  
d e c i d e d  t o  set t h i s  v a l u e  e q u a l  t o  t h e  t o t a l  number o f  bed-days 
used by r e s i d e n t s  of a r e g i o n ,  i n c l u d i n g  usage  b o t h  w i t h i n  and 
o u t s i d e  t h e i r  home r e g i o n .  S i m i l a r l y  t h e  d a t a  on r e g i o n a l  admis- 
s i o n  rates and l e n g t h s  of  s t a y  are c a l c u l a t e d  from - a l l  h o s p i t a l i -  
z a t i o n s  of  r e s i d e n t s  of a r e g i o n .  
A 
The e s t i m a t e s ,  yi and { of t h e  e l a s t i c i t i e s  o f  admiss ion  rates i f  
and l e n g t h s  o f  s t a y  w i t h  respect t o  t o t a l  bed a v a i l a b i l i t y  are 
c a l c u l a t e d  from the d a t a  f o r  a l l  11 r e g i o n s  u s i n g  r e g r e s s i o n  equa- 
t i o n s  d e s c r i b e d  i n  (Gibbs ,  1978) . R e s u l t s  are shown i n  table 2 .  
Fol lowing t h i s ,  t h e  p a r a m e t e r s  Xi and Ui,  t h e  i d e a l  admiss ion  rates 
and l e n g t h s  o f  s t a y  are d e r i v e d  as d e s c r i b e d  i n  Gibbs r e p o r t  u s i n g  
d a t a  on a v e r a g e  v a l u e s  of bed a v a i l a b i l i t y  admiss ion  rates and 
l e n g t h s  o f  s t a y  f o r  Quebec p r o v i n c e  as a whole .  
T a b l e  2  
E s t i m a t e s  o f  E l a s t i c i t i e s  o f  A d m i s s i o n  R a t e s  and L e n g t h s  of S t a y  
w i t h  R e s p e c t  t o  T o t a l  Bed  A v a i l a b i l i t y ;  S t a n d a r d  E r r o r s  i n  ( ) .  
RESULTS - 
ICDA 
C h a p t e r  
I 
I1 
I11 
I V  
VI 
VI I 
V I I I  
I X  
X 
X I  I 
X I 1 1  
X I  V  
XVI 
XVII 
X V I I I  
X I  - XV 
The m o d e l  DRAM1 w a s  r u n  f o r  e a c h  o f  the 11 regions .  I n  e a c h  o f  
t h e s e  runs  the i n p u t  d a t a  w a s  i d e n t i c a l  except f o r  one i t e m :  t h e  
v a l u e  of Br o f  r eg iona l  b e d  a v a i l a b i l i t y .  I n  o r d e r  t o  assess t h e  
p e r f o r m a n c e  o f  the model w e  s h a l l  compare t h e  m o d e l ' s  p r e d i c t i o n s  
of regional  admission rates and average l e n g t h s  of s t a y ,  b y  d i s e a s e  
c a t e g o r y ,  w i t h  data on the ac tua l  values that o c c u r e d  i n  pract ice .  
However ,  i n  o r d e r  t o  tes t  the m o d e l ' s  p e r f o r m a n c e  move s t r i n g e n t l y  
we s h a l l  also c o m p a r e  the accuracy o f  i t s  p r e d i c t i o n s  w i t h  a very 
simple model b a s e d  on t h e  f o l l o w i n g  3  a s s u m p t i o n s :  
- a l l  b e d - d a y s  available to  a region  are used; 
- the regional  average l e n g t h s  o f  s tay ,  by category, are e q u a l  t o  
t h e  c o r r e s p o n d i n g  values f o r  Q u e b e c  P r o v i n c e  as a w h o l e  
(i  .e . l e n g t h  of s t ay  i s  u n a f f e c t e d  b y  t o t a l  b e d  a v a i l a b i l i t y )  
T i t l e  
I n f e c t i o u s ,  p a r a s i t i c  
N e o p l a s m  
E n d o c r i n a l ,  m e t a b o l i c  
B l o o d  
E y e ,  e a r ,  nervous system 
C i r c u l a t o r y  
R e s p i r a t o r y  
D i g e s t i v e  
Urinary, g e n i t a l  
S k i n  
O r g a n  o f  movement  
C o n g e n i t a l  
I l l - d e f i n e d  
A c c i d e n t s ,  t r a u m a  
S u p p l e m e n t a r y  
C h i l d b i r t h  & c o m p l i c a t i o n s  
A d m i s s i o n  ra te  
e l a s t i c i t y  
2.02 ( 0 . 2 5 )  
0 . 0 1  ( 0 . 1 4 )  
1 . 2 8  (0 .17)  
0 . 9 6  ( 0 . 2 5 )  
0 . 7 2  C0.13) 
0 . 5 8  ( 0 . 1 4 )  
1 . 5 2  ( 0 . 1 5 )  
0 . 8 4  ( 0 . 2 3 )  
0 . 9 6  ( 0 . 1 5 )  
1 . 0 7  ( 0 . 2 3 )  
0 . 6 9  ( 0 . 2 5 )  
0 . 4 5  (.0.18) 
1 . 3 6  ( 0 . 3 6 )  
1 . 2 2  ( 0 . 2 5 )  
0 . 5 7  ( 0 . 3 2 )  
0 . 4 7  ( 0 . 1 8 )  
L e n g t h  o f  s tay  
e l a s t i c i t y  
- 0 . 2 1  ( 0 . 2 7 )  
0 . 0 2  ( 0 . 1 4 )  
- 0 . 0 1  ( 0 . 1 1 )  
-0 .57  ( 0 . 1 5 )  
0 . 3 4  ( 0 . 3 0 )  
0 . 4 0  ( 0 . 2 8 )  
0 . 3 6  ( 0 . 1 0 )  
- 0 . 1 1  ( 0 . 2 1 )  
0 . 1 5  ( 0 . 1 3 )  
0 . 3 1  ( 0 . 1 6 )  
0 . 4 0  ( 0 . 2 4 )  
0 . 5 3  ( 0 . 1 7 )  
0 . 3 4  ( 0 . 1 2 )  
- 0 . 3 2  ( 0 . 1 6 )  
0 . 2 9  ( 0 . 1 2 )  
0 . 2 6  ( 0 . 0 7 )  
- t h e  r e g i o n a l  admiss ion  r a t e s  by c a t e g o r y ,  a r e  d i r e c t l y  propor-  
t i o n a l  to t h e  t o t a l  bed a v a i l a b i l i t y  (i .e. i f  bed a v a i l a b i l i t y  
i n c r e a s e d  by a  g iven  p e r c e n t a g e  a l l  admiss ion r a t e s  i n c r e a s e  by 
t h i s  same pe r cen t age ]  . 
This  ve ry  simple model i s  e q u i v a l e n t  to  a  s p e c i a l  c a s e  o f  t h e  
DRAMI model i n  which a l l  t h e  admiss ion  r a t e  e l a s t i c i t i e s  a r e  u n i t y  
and a l l  t h e  l e n g t h  o f  s t a y  elasticities a r e  z e ro ;  f o r  t h i s  r e a s o n  
w e  t e rm it t h e  ' one-ze ro '  model. 
L e t  u s  s ta r t  by examining the DRAMI mode l ' s  p r e d i c t i o n s  f o r  Region 
2,  which ha s  a bed a v a i l a b i l i t y  3 4 %  above t h a t  o f  t h e  Quebec Pro -  
v i n c e  ave r age .  The r e s u l t s  a r e  d i s p l a y e d  i n  table 3 and r e v e a l  a  
good f i t  w i t h  t h e  d a t a  on a c t u a l  admiss ion  rates and average  
l e n g t h s  o f  s t a y .  Fo r  d i s e a s e  c a t e g o r i e s  s u c h  as 1 and 8 ,  f o r  which 
t h e  e s t i m a t e d  admiss ion  rate  e las t ic i t i es  a r e  h i g h ,  DRAMI c o r r e c t l y  
p r e d i c t s  v a l u e s  of admiss ion  r a t e s  c o n s i d e r a b l y  above the Quebec 
average  r a t e s .  Moreover these p r e d i c t i o n s  a r e  c o n s i d e r a b l y  c l o s e r  
t o  t h e  a c t u a l  v a l u e s  t han  t h e  p r e d i c t i o n  of  t h e  'one-zero '  model.  
S i m i l a r l y  f o r  a c a t e g o r y  such  a s  2, f o r  which t h e  e s t i m a t e d  admis- 
s i o n  r a t e  e l a s t i c i t y  is v e r y  low, DRAMI c o r r e c t l y  p r e d i c t s  admis- 
s i o n  r a t e s  c l o s e  t o  t h e  Qugbec average  r a t e s  whereas the ' one-zero '  
model wrongly p r e d i c t s  h i g h e r  v a l u e s .  
On t h e  o t h e r  hand, f o r  some c a t e g o r i e s  (.e.g. 2 ) ,  the admiss ion  
r a t e  i n  a  r e g i o n  migh t  b e  below t h e  Qugbec ave rage  d e s p i t e  t h e  
f a c t  t h a t  its o v e r a l l  bed a v a i l a b i l i t y  i s  w e l l  above t h e  Qugbec 
average .  I n  such  cases t h e  model,  wrongly,  p r e d i c t s  above ave rage  
admiss ion  r a t e s  (even though i n  t h e  r e s u l t s  f o r  this r e g i o n ,  t h e  
magnitude o f  e r r o r  i s  small) .  . T h i s  s u g g e s t s  t h a t  c e r t a i n  f a c t o r s  
which i n f l u e n c e  admiss ion  rates i n  p r a c t i c e  are n o t  r e p r e s e n t e d  i n  
t h i s  model; f o r  example, i t  i s  b e l i e v e d  t h a t  t h e r e  a r e  s i g n i f i c a n t  
v a r i a t i o n s  between r e g i o n s  i n  t h e  i n c i d e n c e  f o r  some groups  of  
d i s e a s e s  l i k e  neoplasm. 
The model ' s  p r e d i c t i o n s  f o r  l e n g t h s  o f  s t a y  are also good (see 
t a b l e  3 ) .  However m o s t  e s t i m a t e d  e l a s t i c i t i e s  f o r  l e n g t h  o f  s t a y  
a r e  s m a l l  and t h u s  t h e  r e s u l t s  f o r  bo th  DRAMI and t h e  ' one-ze ro '  
models a r e  ve ry  close t o  t h e  Quebec ave rage .  The r e s u l t s ,  f o r  a l l  
d i s e a s e  c a t e g o r i e s  combined o f  t h e  model a r e  ve ry  close t o  t h e  
Tab le  3  
R e s u l t s  f o r  Region 2  
I1 Neoplasm 
I11 E n d o c r i n a l . . .  
I V  Blood 
ICDA 
Chap te r  T i t l e  
I I n f e c t i o u s . .  . 
V I  Eye, ear. . .  
V I  I C i r c u l a t o r y  
V I I I  R e s p i r a t o r y  
Admiss i o n  R a t e s  
E l a s -  A c t u a l  Model 
t i c i t y  v a l u e  DRAM1 
2.02 5.7 5.2 3.9 2.9 
I X  D i g e s t i v e  
X U r i n a r y  & g e n i t a l  
0.84 1 9 . 1  20.9 22.1 16.4 
0.96 14 .4  14 .6  14 .9  11.1 
X I 1  S k i n  
X I 1 1  Organ o f  movement 
X V I I  A c c i d e n t s  & t r a u m a (  1 .22  1 1 0 . 0  1 1 2 . 5 1  11.9 1 8 .8  
1.07 3.3 3 . 2  3 . 1  2.3 
0.69 6 . 1  6 . 3  7  .O 5.2 
X I V  C o n g e n i t a l  
X V I  111.-def i n e d  
X V I  I1 Supplementary  0.57 20.4 20.2 23.1 17 .2  
X I  & X V  C h i l d b i r t h . . .  1 0 . 4 7  / 27.9 / 24.91 29.2 1 21.8 
0 .45  3 .1  2.7 3 . 1  2 .3  
1 .36  4.6 6 .5  5.9 4  -4  
A l l  c a t e g o r i e s  1 ---- 1166.7 1 1 7 1 . 1  1 180 .7  134.6 
E l a s -  
t i c  i t j  
A c t u a l  Model 
v a l u e  DRAM1 
.Y 
Model 
one-zero  
(Quebec 
a v e r a g e )  
a c t u a l  o b s e r v a t i o n .  The t o t a l  a d m i s s i o n  rate and t h e  a v e r a g e  
l e n g t h  o f  s t a y  p r e d i c t e d  by DRAMI d i f f e r  by a b o u t  2% f rom t h e  
a c t u a l  v a l u e s  whereas  those p r e d i c t e d  by t h e  ' o n e - z e r o '  model  
d i f f e r  by a b o u t  8 % .  
T a b l e  4  
Bed-days, Admiss ion  rates and Leng th  o f  S t a y  p e r  1000 h .  
U n f o r t u n a t e l y  the r e s u l t s  a r e  n o t  as good f o r  a l l  r e g i o n s .  T a b l e  
4  summarizes  t h e  g l o b a l  ( a l l  c a t e g o r i e s )  r e s u l t s  f o r  t h e  e l e v e n  
r e g i o n s .  F o r  r e g i o n s  1, 6 a ,  6b ,  7 ,  8 ,  9 t h e  a c t u a l  g l o b a l  a v e r a g e  
l e n g t h  o f  s t a y  is s m a l l e r  t h a n  p r e d i c t e d  by t h e  mode l  and  i s  l o w e r  
t h a n  t h e  Quebec a v e r a g e  and  c o r r e s p o n d i n g l y  t h e  a c t u a l  a d m i s s i o n  
rate i s  h i g h e r  t h a n  the o n e  p r e d i c t e d  by t h e  m o d e l .  From table 1 
however ,  w e  n o t e  that t h e s e  r e g i o n s  e x p e r i e n c e  a g r e a t  amount o f  
h o s p i t a l i z a t i o n  o u t s i d e  t h e i r  r e g i o n s .  Because  of t h e  a b s e n c e  o f  
s p e c i a l i z e d  h o s p i t a l s  and  p h y s i c i a n s  i n  t h e s e  r e g i o n s  t h e r e  are 
several t r a n s f e r s  o f  p a t i e n t s  f rom t h e i r  h o s p i t a l  to  h o s p i t a l  i n  
Mont rga l  o r  Quebec  C i t y .  When a t r a n s f e r  o c c u r s ,  two s e p a r a t e  
Bed-days u s e d  / 
1000 p o p u l a t i o n  
I 
Region 
1 
2  
3  
4  
5  
6a 
6b 
6c  
7  
8  
9  
A 
T o t a l  a d m i s s i o n  r a t e  and  
a v e r a g e  l e n g t h  o f  s t a y  i n  [ I 
Prov.of  1252 
Quebec 0% 
1548 
1679 
1406 
1 6 1 1  
1455 
1084 
942 
1103 
1282 
1573 
1846 
A c t u a l  V a l u e  
D i f f e r e n c e  
w i t h  Quebec 
Average  
+24% 
+34% 
+12% 
+29% 
+16% 
-13% 
-25% 
-12% 
+ 2 %  
+26% 
+48% 
171 .8  
166.7 
143 .6  
147.6 
177 .6  
114.4 
112.9 
128.2 
156 .0  
180.6 
207.7 
134 .6  
[9.01]  
[ 1 0 . 0 8 ] 1 7 1 . 1  
[9 .79]  
~ 1 0 . 9 2 1  
[8.19]  
[9 .48]  
[8 .35]  
[8 .60]  
[8 .22]  
[8 .71 ]  
[8.89]/  
[9 .30]  
Model DRAMI 
160.0 
Model one -ze ro  , 
I  
[9 .67]  
[9 .82]  
148.0 
65 .3  
1 5 2 . 1  
119 .8  
107 .0  
121 .5  
137 .3  
162 .2  
184.8 
134 .3  
1 6 6 . 5  
180 .7  
[9.301 
1 
[9 .30]  
[9 .30]  i 
i9 .301 i 
[9.301 , 
[9 .30]  i 
~ 9 . 3 0 1  i 
[9.301 I 
[9 .30]  
19.301 
[9.30]  
L9.301 
[9 .50]1151.3  
~ 9 . 7 5 1  
[9.56]  
[9 .05]  
~ 8 . 8 1 1  
[9 .08]  
[9 .34]  
[9 .70]  
[9 .99]  
[9 .32]  
173 .3  
156 .5  
116.6 
101.4 
118 .6  
137 .9  
169 .2  
198 .6  
134.6 
r e c o r d s  o f  h o s p i t a l i z a t i o n  a r e  produced f o r  e a c h  c a s e ,  one a t  
each  h o s p i t a l .  I n  t h e  f i r s t  h o s p i t a l  i n  t h e  r e g i o n  of  r e s i d e n c e ,  
t h e  l e n g t h  o f  s t a y  may be  v e r y  s h o r t  [ j u s t  t o  a s s e s s  o r  s t a b i l i z e  
t h e  p a t i e n t ' s  c o n d i t i o n )  , w h l l e  t h e  second l e n g t h  o f  s t a y  may pro-  
b a b l y  b e  somewhat o v e r  t h e  e x p e c t e d  a v e r a g e .  T h i s  f a c t o r  d i s t o r t s  
t h e  d a t a ,  i n c r e a s i n g  t h e  recorded  admiss ion  r a t e  and r e d u c i n g  t h e  
recorded  a v e r a g e  l e n g t h  o f  s t a y ,  which p a r t l y  a c c o u n t s  f o r  t h e  
a p p a r e n t  e r r o r  i n  t h e  p r e d i c t i o n  o f  DRAMI. 
From t a b l e  4 ,  it c a n  be s e e n  t h a t  f o r  r e g i o n  9 ,  t h e  'one-zero '  
model produces  more a c c u r a t e  g l o b a l  p r e d i c t i o n  t h a n  DRAMI.  How- 
e v e r ,  a n  a n a l y s i s  of r e s u l t s  by c a t e g o r y  (_see t a b l e  5)  shows DRAMI 
per fo rming  b e t t e r .  F o r  admiss ion  r a t e ,  t h e  ' one -ze ro '  model pre-  
d i c t s  worse t h a n  DRAMI model f o r  10 o u t  of  1 6  c a t e g o r i e s  (1, 2 ,  3 ,  
7, 8 ,  9 ,  1 2 ,  1 4 ,  1 6 ,  1 7 )  and t h e  sum o f  t h e  a b s o l u t e  e r r o r s  i s  s m a l l e r  
f o r  DRAMI. Performance o f  DRAMI i n  p r e d i c t i n g  l e n g t h s  o f  s t a y  i s  
less good. For  6 c a t e g o r i e s  i t  p r e d i c t s  b e t t e r  t h a n  t h e  ' o n e - z e r o "  
model and f o r  5 c a t e g o r i e s  worse .  I n  t h e  p a r a g r a p h  above,  w e  sug- 
g e s t e d  t h a t  t h i s  may n o t  b e  s imply  due t o  a  f a i l u r e  o f  DRAMI model,  
b u t ,  a t  l e a s t  p a r t l y ,  t o  d i s t o r t i o n s  i n  t h e  d a t a .  
Tab les  6  and 7  summarize t h e  accuracy  o f  t h e  p r e d i c t i o n s  o f  t h e  
DRAMI model and compare i t  w i t h  t h o s e  of  the ' o n e - z e r o '  model.  
Tab le  6  shows r e s u l t s  by r e g i o n .  I n  e a c h  c a s e  t h e  q u a n t i t y  c a l -  
c u l a t e d  i s  t h e  p e r c e n t a g e  e r r o r  of t h e  p r e d i c t e d  v a l u e  r e l a t i v e  
t o  t h e  a c t u a l  v a l u e .  For  example,  fox r e g i o n  2 DRAMI  model p re -  
d i c t s  admiss ion  r a t e s  c o n s i d e r a b l y  b e t t e l  t h a n  t h e  ' o n e - z e r o '  
model, t h e  a v e r a g e  e r r o r  b e i n g  8'3 and 15% r e s p e c t i v e l y ,  DRAM1 
a l s o  performs b e t t e r  on l e n g t h s  o f  s t a y ;  i t s  e r r o r  r a t e  i s  1 0 %  
compared t o  1 4 %  f o r  t h e  ' o n e - z e r c '  model ( s e e  t a b l e  6 )  . I n  
a s s e s s i n g  t h e  mode l ' s  per formance  o v e r  a l l  11 r e g i o n s  w e  need t o  
r e c o g n i z e  t h a t  f o r  r e g i o n  7 t h e  t o t a l  bed a v a i l a b i l i t y  i s  very  
c l o s e  t o  t h e  Qugbec a v e r a g e  and s o  b o t h  DRAMI and t h e  ' one -ze ro '  
models p r e d i c t i o n s  a r e  ve ry  c l o s e  t o  t h e  Qugbec average  f i g u r e s .  
( T h i s  e x p l a i n s  why t h e  e r r o r s  f o r  t h e  two models  a r e  approx imate ly  
e q u a l  i n  t h i s  r e g i o n ) .  Thus we need t o  d i r e c t  o u r  a t t e n t i o n  t o  
t h e  remain ing  r e g i o n s .  Of t h e s e  t-he DRAMI model p r e d i c t i o n s  o f  
admiss ion  r a t e s  a r e  b e t t e r  i n  8 r e g i o n s  (1, 2 ,  3 ,  4 ,  5 ,  6b,  6 c ,  and 
T a b l e  5  
- .- 
R e s u l t s  f o r  ~ e g i o n  9  
_ -  -_ -_ _ _ _  _ 7 Admiss ion  R a t e s  
I I n f e c t i o u s . .  . 
I1 Neop 1 a s m  
I C D A  T i t l e  . C h a p t e r  
I11 E n d o c r i n a l  . . . 11 1 .28  1 5.0  1 4 . 1  1 3.8 1 2.6 
I V  Blood  11 0.96 1 1 .6  1 1.23)  1 . 3  / 0.9 
E l a s -  
t i c i t y  
V I  Eye,  ear.  . . 110.72 1 8.4 1 7 . 9 )  8.9 1 6.0 
V I I  C i r c u l a t o r y  0 .58 1 2 . 3  16 .0  1 0 . 8  
V I  I1 R e s p i r a t o r y  11 1 . 5 2  1 2 2 . 8  1 :::: 20 .3  1 1 3 . 8  
Actua l  
v a l u e  
I X  D i g e s t i v e  11 0.84 1 21 .5  1 22.4 ( 24.3 ( 16.4 
Model Mode1 
DRAM1 n e - z e r o  b 
X I 1 1  O r g a n o f  movement 110.69 1 7 .8  1 6 . 7 1 .  7 .7  5 .2  
Quebec  
a v e r a g e  
X u r i n a r y  & g e n i t a l  
X I 1  S k i n  
XIV C o n g e n i t a l  110.45 1 3.3  ( 2 . 8 1  3 .5  2 . 3  
0.96 16 .9  1 5 . 8  16 .4  11.1 
1 . 0 7  4 . 3  3.5 3.4 2 . 3  
X I  & XV C h i l d b i r t h .  . . 1 0 . 4 7  1 3 1 . 6  1 2 5 . 9 1  3 2 . 1  1 21.8 
A l l  c a t e g o r i e s  ---- 207.7 1 8 4 . 8  198 .6  1 3 4 . 6  
Sum o f  ] p r e d i c t e d - ~ c t u a l  1 30.3  33.8  
X V I  I l l - d e f i n e d  
XVII A c c i d e n t s  & t r a u m a  
X V I I I  Supp lemen ta ry  
1 . 3 6  10 .9  7 .3  6 .5  4.4 
1 .22  16 .9  13 .9  1 3 . 1  8 .8  
0 .57  29.9 21.3 25.4 1 7 . 2  , 
Model 
one- z e r o  
(Quebec  
a v e r a g e )  
L e n g t h s  of ST 
E l a s -  
t i c i t y  
A c t u a l  
v a l u e  
Model 
DRAMI 
9)  and e q u a l  i n  2 r e g i o n s  ( 6 a  and 8)  . A s  r e g a r d s  l e n g t h s  of  s t a y ,  
DRAMI's p r e d i c t i o n s  are b e t t e r  i n  7 r e g i o n s  (12, 3,  4 ,  6 a ,  6b, 6c  
and 8) , e q u a l  i n  1 r e g i o n  (1) , and s l i g h t l y  worse i n  2 (-5 and 9 )  . 
Table  6 
* 
% of  E r r o r  Between the Models and t h e  Observed by Regions  
Turn ing  now t o  t h e  r e s u l t s  by d i s e a s e  c a t e g o r y  (. table 7)- t h e  p re -  
d i c t i o n s  by DRAMI f o r  admiss ion  rates  are b e t t e r  t h a n  t h o s e  o f  
t h e  'one-zero1 model f o r  1 2  c a t e g o r i e s  (-and much b e t t e r  f o r  2 o f  
t h e s e  (1 and 2) ) and e q u a l  f o r  t h e  remai  n i n g  4 c a t e g o r i e s .  With 
r e g a r d s  t o  l e n g t h s  o f  s t a y  t h e  DRAMI p r e d i c t i o n s  are b e t t e r  f o r  
1 0  c a t e g o r i e s  and e q u a l  f o r  t h e  remain ing  6 .  N a t u r a l l y  t h e  pre-  
d i c t i o n s  o f  DRAMI are s i m i l a r  t o  t h o s e  o f  t h e  ' one -ze ro '  model 
f o r  admiss ion  ra te  f o r  t h o s e  c a t e g o r i e s  where t h e  e s t i m a t e d  e l a s -  
t i c i t y  f o r  admiss ion  rate i s  c l o s e  to  u n i t y  (4 ,  1 0 ,  1 2 )  o r  f o r  
l e n g t h  o f  s t a y  when t h e  e s t i m a t e d  e l a s t i c i t y  f o r  l e n g t h  o f  s t a y  
i s  close t o  z e r o  ( o r  n e g a t i v e )  (1, 2, 3,  4 ,  9, 17)  ; t h e s e  a c c o u n t  
Bed-days/1000 h 
1 1 ( p r e d i c t e d - a c t u a l )  1 rounded t o  
- c a t e g o r i e s  
* % error - - n e a r e s t  i n t e g e r  
C ( a c t u a l )  
c a t e g o r i e s  
Regions 
1 
2 
3 
4 
5 
6a  
6b 
6 c  
7 
8 
9 
Quebec mean: 
1252 
1548 
1680 
1407 
1611  
1455 
1084 
943 
110 3 
1282 
1573 
1847 
R a t e  o f  admiss ion  
(error) 
Model 
DRAM1 
9 
8 
7 
1 3  
16  
7 
8 
8 
12  
1 3  
1 5  
Length o f  s t a y  
( e r r o r )  
Mode 1 
one-zero 
1 4  
15  
1 0  
1 9  
1 7  
7 
1 4  
9 
12 
1 3  
16  
Model 
DRAMS 
1 3  
10 
5 
9 
16  
5 
5 
5 
11 
11 
16  
Mode 1 
one - ze ro 
1 3  
1 4  
6 
1 3  
1 4  
6 
9 
6 
10 
12 
15  
f o r  most of t h e  c a s e s  where t h e  p r e d i c t i o n  e r r o r s  o f  t h e  two 
models a r e  e q u a l .  
Tab le  7 
* 
% of E r r o r  Between Models and Observed by D i a g n o s t i c  Category 
I I C D A  
Chapte r  
V I I  
V I I I  
X I V  
X V I  
XVII 
X V I I I  
Rate  o f  admiss ion  ( .error) .  1 Length  o f  s t a y  ( e r r o r )  
Model 
' E l a s t i c i t y  I & 1 one-zero Mode 1 one-zero E l a s  t i c i t y  
I 1 I 1 rounded to nearest 
r e g i o n s  I * % e r r o r  = i n t e q e r  
Mode 1 
DRP;MI 
- 
C ( a c t u a l  1 
r e g i o n s  
From these r e s u l t s  w e  conc lude  t h a t  DRAMI h a s  performed reason-  
a b l y  w e l l  i n  p r e d i c t i n g  a d m i s s i o n  r a t e s  and l e n g t h s  o f  s t a y  i n  
the 11 Quebec r e g i o n s .  
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A m a j o r  g o a l  o f  o u r  r e s e a r c h  i s  t h e  d e v e l o p m e n t  o f  
m o d e l s  c a p a b l e  o f  a n a l y z i n g  t h e  e f f e c t s  o f  a l t e r n a t i v e  
N a t i o n a l  H e a l t h  I n s u r a n c e  p r o p o s a l s  i n  t h e  U n i t e d  S t a t e s .  
Such m o d e l s  w i l l  r e q u i r e  a  s e r i e s  o f  c o m p o n e n t  a n a l y s e s  
i n c l u d i n g  t h e  demand f o r  m e d i c a l  c a r e ,  t h e  s u p p l y  o f  
m e d i c a l  c a r e ,  t h e  e f f e c t s  o f  a l t e r n a t i v e  i n c o m e  t a x  
t r e a t m e n t s  on  t h e  demand f o r  m e d i c a l  c a r e ,  a n d  t h e  e f f e c t s  
o f  e x i s t i n g  p u b l i c  p r o g r a m s  s u c h  as  M e d i c a r e  a n d  M e d i c a i d  
o n  t h e  u s e  a n d  c o s t s  o f  p e r s o n a l  h e a l t h  c a r e .  H i s t o r i c a l l y  
t h e s e  t y p e s  o f  a n a l y s e s  h a v e  b e e n  s e v e r e l y  h a m p e r e d  b y  
t h e  a b s e n c e  o f  a p p r o p r i a t e  d a t a .  I n  a n  a t t e m p t  t o  r e m e d y  
t h i s  s i t u a t i o n  t h e  N a t i o n a l  C e n t e r  f o r  H e a l t h  S e r v i c e s  
R e s e a r c h ,  DHEW, f u n d e d  a  m a j o r  d a t a  c o l l e c t i o n  e f f o r t ,  
t h e  N a t i o n a l  M e d i c a l  C a r e  E x p e n d i t u r e  S u r v e y  (NMCES). 
NMCES i s  a n  a n a l y t i c a l l y  d r i v e n  s u r v e y ,  d e s i g n e d  t o  
s u p p o r t  t h e  a n a l y s e s  o f  a1 t e r n a t i v e  N a t i o n a l  H e a l t h  
I n s u r a n c e  p r o p o s a l s  a n d  o t h e r  m a j o r  i s s u e s  o f  n a t i o n a l  
h e a l t h  p o l i c y .  The  d a t a  c o l l e c t i o n  p h a s e  h a s  b e e n  i n  
p r o g r e s s  s i n c e  1 9 7 6  a n d  w i l l  c o n t i n u e  u n t i l  t h e  e n d  o f  
1979 .  The a n a l y s e s  b a s e d  o n  t h i s  d a t a  a r e  e x p e c t e d  t o  
p r o c e e d  f o r  a t  l e a s t  t h e  n e x t  f i v e  y e a r s .  
D e s c r i p t i o n  o f  NMCES 
NMCES c o n s i s t s  o f  t h r e e  m a j o r  s u r v e y s :  1 )  a  s u r v e y  
o f  13 ,500  r a n d o m l y  s e l e c t e d  h o u s e h o l d s  i n  t h e  U n i t e d  
S t a t e s  e a c h  i n t e r v i e w e d  s i x  t i m e s  o v e r  a  15  m o n t h  p e r i o d  
d u r i n g  1 9 7 7 - 7 8 ,  2 )  a  s u r v e y  o f  t h e  p h y s i c i a n s  a n d  
h o s p i t a l s  t h a t  p r o v i d e d  c a r e  t o  h o u s e h o l d  r e s p o n d e n t s  
d u r i n g  1 9 7 7 - T h e  M e d i c a l  P r o v i d e r  S u r v e y  (MPS) a n d  3 )  a  
s u r v e y  o f  i n s u r a n c e  c o m p a n i e s  a n d  e m p l o y e r s  r e s p o n s i b l e  
f o r  t h e  p r i v a t e  i n s u r a n c e  c o v e r a g e  o f  t h e  h o u s e h o l d  
r e s p o n d e n t s .  
T h e  p r i m a r y  s o u r c e  o f  i n f o r m a t i o n  a b o u t  t h e  U.S. 
p o p u l a t i o n  comes f r o m  t h e  h o u s e h o l d  s u r v e y .  I n  a d d i t i o n  
t o  s t a n d a r d  d e m o g r a p h i c  i n f o r m a t i o n ,  t h e  s a m p l e d  f a m i l  i e s  
w e r e  a s k e d  a  c o r e  s e t  o f  q u e s t i o n s  f o r  e a c h  f a m i l y  member .  
These  i n c l u d e  q u e s t i o n s  a b o u t  t h e  number  o f  d i s a b i l i t y  
d a y s ,  h e a l  t h  i n s u r a n c e  c o v e r a g e ,  a n d  c h a r g e s  f o r  a n d  
a m o u n t s  p a i d  b y  f a m i l y  o r  t h i r d  p a r t i e s  f o r  p h y s i c i a n ,  
d e n t a l ,  o r  h o s p i t a l  s e r v i c e s .  S p e c i a l  s u p p l e m e n t a r y  
q u e s t i o n s  w e r e  a1 s o  a d m i n i s t e r e d  p e r i o d i c a l l y  d u r i n g  t h e  
h o u s e h o l d  i n t e r v i e w .  T h e s e  i n c l u d e d  q u e s t i o n s  a b o u t  t h e  
h o u s e h o l d ' s  p e r c e p t i o n  o f  t h e i r  h e a l t h  i n s u r a n c e  c o v e r a g e ,  
e a c h  f a m i l y  m e m b e r ' s  c u r r e n t  e m p l o y m e n t  s i t u a t i o n ,  
t r a d i t i o n a l  m e a s u r e s  o f  a c c e s s  t o  m e d i c a l  c a r e ,  a  d e t a i l e d  
s e r i e s  o f  i n c o m e  m e a s u r e s ,  a n d  f e d e r a l  i n c o m e  t a x  i n f o r m a -  
t i o n .  
A p p r o x i m a t e l y  5 0  p e r c e n t  o f  t h e  p r o v i d e r s  w e r e  c o n -  
t a c t e d  i n  The M e d i c a l  P r o v i d e r  S u r v e y  i n  o r d e r  t o  
s u p p l e m e n t  t h e  i n f o r m a t i o n  p r o v i d e d  b y  h o u s e h o l d s .  The  
p r o v i d e r s  w e r e  a s k e d  t o  p r o v i d e  i n f o r m a t i o n  a b o u t  a l l  
v i s i t s  made b y  t h e  r e s p o n d e n t  d u r i n g  1 9 7 7  i n c l u d i n g  t h e  
d a t e  a n d  t h e  p u r p o s e  o f  e a c h  v i s i t ,  t h e  t o t a l  c h a r g e s  
a n d  s o u r c e  o f  p a y m e n t  a s s o c i a t e d  w i t h  e a c h  v i s i t ,  t h e  
m e d i c a l  d i a g n o s i s ,  a n d  t h e  m a j o r  p r o c e d u r e s  p e r f o r m e d  
d u r i n g  e a c h  h o s p i t a l  s t a y .  I n  a d d i t i o n ,  a  s a m p l e  o f  
p h y s i c i a n s  r e n d e r i n g  c a r e  t o  NMCES r e s p o n d e n t s  w e r e  
a s k e d  a b o u t  c h a r a c t e r i s t i c s  o f  t h e i r  p r a c t i c e s ,  i n c l u d i n g  
t h e  number  o f  a i d e s  a n d  n u r s e s  t h e y  e m p l o y ,  t h e  h o u r s  
t h e y  w c r k ,  a n d  w h e t h e r  t h e y  a r e  s e l f - e m p l o y e d  o r  i n  a  
p a r t n e r s h i p .  D u r i n g  t h e  h e a l t h  i n s u r a n c e / e m p l o y e r  
s u r v e y ,  e m p l o y e r s  a n d  i n s u r a n c e  c o m p a n i e s  w e r e  a s k e d  
a b o u t  t h e  t o t a l  c o s t s  a n d  s o u r c e s  o f  p a y m e n t  o f  
i n s u r a n c e  p r e m i u m s ,  a n d  t h e  t y p e  o f  c o v e r a g e  p r o v i d e d .  
T h e y  w e r e  a l s o  r e q u e s t e d  t o  p r o v i d e  a  c o p y  o f  e a c h  
i n s u r a n c e  p o l  i c y  c o v e r i n g  NMCES r e s p o n d e n t s .  E m p l o y e r s  
w e r e  a s k e d  s i m i l a r  q u e s t i o n s  a b o u t  o g t i o n s  o r  p l a n s  
a v a i l a b l e  w h i c h  a n  e m p l o y e e  c o u l d  h a v e  c h o s e n  b u t  d i d  
n o t .  E m p l o y e r s  o f  i n d i v i d u a l s  who do  n o t  r e p o r t  g r o u p  
c o v e r a g e  w e r e  a s k e d  t o  v e r i f y  t h e  a b s e n c e  o f  c o v e r a g e  
a n d  t o  p r o v i d e  i n f o r m a t i o n  o n  p l a n s  o f f e r e d  t o  e m p l o y e e s .  
M e d i c a l  p r o v i d e r s  a n d  e m p l o y e r s  w e r e  c o n t a c t e d  o n l y  when 
t h e  r e s p o n d e n t  h a d  g r a n t e d  p e r m i s s i o n  f o r  t h e  c o n t a c t .  
A n a l y s e s  
The  d a t a  e n c o m p a s s e d  b y  t h e  N M C E S  s u r v e y s  a r e  c a p a b l e  
o f  s u p p o r t i n g  a  s e r i e s  o f  a n a l y s e s  r a n g i n g  i n  c o m p l e x i t y  
f r o m  d e s c r i p t i v e  r e p o r t s  o f  i n s u r a n c e  c o v e r a g e  a n d  h e a l t h  
c a r e  u t i l  i z a t i o n  t o  mu1 t i v a r i a t e  a n a l y s e s  o f  demand a n d  
s u p p l y  i n t e g r a t e d  i n t o  a  d y n a m i c  m i c r o s i m u l a t i o n  m o d e l  
o f  a1 t e r n a t i v e  n a t i o n a l  h e a l t h  i n s u r a n c e  p r o p o s a l s .  T h e  
d e s c r i p t i v e  a n a l y s e s  w i l l  i n c l u d e  r e p o r t s  o n  t h e  h e a l t ?  
c a r e  e x p e n d i t u r e s  a n d  u t i l i z a t i o n  o f  t h e  A m e r i c a n  p e o p l e ,  
t h e  t y p e  a n d  d e p t h  o f  h e a l t h  i n s u r a n c e  h e l d  i n  t h e  U.S. ,  
t h e  c o s t s  o f  s e v e r e  i l l n e s s ,  a n d  t h e  c h a r g e s  a n d  s o u r c e s  
o f  p a y m e n t  f o r  m e d i c a l  c a r e  a l l  f o r  v a r i o u s  s o c i o - d e m o g r a p h i c  
g r o u p s  i n  t h e  p o p u l a t i o n .  
T h i s  b a s i c  i n f o r m a t i o n  a b o u t  t h e  u s e  a n d  c o s t s  o f  
h e a l t h  c a r e  w i l l  p r o v i d e  t h e  f i r s t  s t e p  f o r  a n y  a n a l y s e s  
o f  t h e  c o s t ,  u s e  o r  f i n a n c i n g  i m p l i c a t i o n s  a s s o c i a t e d  
w i t h  a1 t e r n a t i v e  N a t i o n a l  H e a l t h  I n s u r a n c e  p r o p o s a l s .  
T h e  b a s i c  a p p r o a c h  we e x p e c t  t o  u s e  i n  m o d e l l i n g  t h e  e f -  
f e c t s  o f  NH I  i s  o u t l i n e d  i n  t h e  r e m a i n d e r  o f  t h i s  p a p e r .  
A l t h o u g h  we a r e  s t i l l  a t  a  p r e l i m i n a r y  s t a g e  i n  t h e  
d e v e l o p m e n t  o f  t h e s e  m o d e l s ,  m o r e  d e t a i l e d  s t a t e m e n t s  
t h a n  a r e  p o s s i b l e  h e r e  a b o u t  o u r  a n a l y s i s  p l a n s  a r e  a v a i l a b l e  
f r o m  t h e  a u t h o r s .  We e x p e c t  t o  b e g i n  w i t h  a  s e r i e s  o f  
a n a l y s e s  w h i c h  w i l l  f o c u s  o n  e x p l a i n i n g  t h e  m o s t  i m p o r t a n t  
c o r r ~ p o n e n t s  o f  m e d i c a l  c a r e  b e h a v i o r  e . g .  t h e  .demand f o r  
v a r i o u s  t y p e s  o f  m e d i c a l  c a r e ,  a n d  t h e  s u p p l y  o f  p h y s i c i a n  
s e r v i c e s ,  a n d  t h e  r e s p o n s i v e n e s s  o f  v 3 r i o u s  p a r a m e t e r s  
o f  demand a n d  s u p p l y  t o  c h a n g e s  i n  t h e  f i n a n c i n g ,  c o s t  
o r  d e l i v e r y  o f  c a r e .  I n i t i a l l y  t h e s e  b e h a v i o r a l  e q u a t i o n s  
w i l l  b e  p l a c e d  w i t h i n  a  c o m p a r a t i v e  s t a t i c  f r a m e w o r k  i n  
o r d e r  t o  p r o d u c e  e s t i m a t e s  o f  t h e  m o n e t a r y  c o s t s  a n d  t h e  
g r o s s  a n d  n e t  m o n e t a r y  e f f e c t s  o f  a l t e r n a t i v e  N H I  p r o p o s a l s .  
T h i s  f r a m e w o r k  i s  s i m i l a r  t o  one  w h i c h  h a s  b e e n  u s e d  i n  
t h e  U . S .  t o  a n a l y z e  t h e  e f f e c t s  o f  a l t e r n a t i v e  n e g a t i v e  
i n c o m e  t a x  p r o p o s a l s .  T h i s  a p p r o a c h  o f f e r s  s e v e r a l  
a d v a n t a g e s .  F i r s t ,  i t  p e r m i t s  s p e c i f i c a t i o n  o f  e l i g i b i l i t y  
c h a n g e s  t o  v a r i o u s  c o m p o n e n t  p r o g r a m s  a c c o r d i n g  t o  t h e  
d e m o g r a p h i c  c h a r a c t e r i s t i c s  o f  t h e  p o p u l a t i o n .  I t  
a l l o w s  e s t i m a t i o n  o f  t h e  demand a n d  s u p p l y  o f  h e a l t h  
c a r e ,  g i v e n  v a r i o u s  c h a n g e s  i n  t h e  m a r k e t  p r i c e  o f  
m e d i c a l  c a r e .  F i n a l l y ,  i t  i s  p o s s i b l e  t o  e s t i m a t e  t h e  
a g g r e g a t e  b u d g e t a r y  c o s t s  a s s o c i a t e d  w i t h  a  p a r t i c u l a r  
p r o g r a m ,  b o t h  b e f o r e  a n d  a f t e r  p r i c e s  h a v e  b e e n  a l l o w e d  
t o  a d j u s t  t o  c l e a r  a n y  d i s e q u i l i b r i u m ,  a n d  t h e  f i n a n c i n g  
n e e d e d  t o  m e e t  t h e  g o v e r n m e n t ' s  c o s t  a c c o r d i n g  t o  t h e  
t a x i n g  m e c h a n i s m s  s p e c i f i e d  i n  t h e  p r o p o s a l .  
T h e  e f f e c t s  o f  some t y p e s  o f  p r o p o s a l s  c a n  be  m o r e  
a c c u r a t e l y  e s t i m a t e d  t h a n  o t h e r s .  P r o p o s a l s  w h i c h  f o c u s  
o n  c h a n g e s  i n  c o v e r a g e  a n d  o n  t h e  c o s t s  o f  m e d i c a l  c a r e  
w i l l  be e a s i e r  t o  e s t i m a t e  t h a n  p r o p o s a l s  w h i c h  make 
p r o f o u n d  c h a n g e s  i n  t h e  s t r u c t u r e  a n d  d e l i v e r y  o f  m e d i c a l  
c a r e .  P r o p o s a l s  w h i c h  r e s u l t  i n  m a r g i n a l  c h a n g e s  i n  
c o v e r a g e  a n d  p r i c e s  w i l l  be e a s i e r  t o  e s t i m a t e  t h a n  
p r o p o s a l s  w h i c h  r e s u 1  t i n  i n f r a ~ n a r g - i  na1  c h a n g e s .  A1 1  
e s t i m a t e s  w i l l  i n i t i a l l y  be made u s i n g  t h e  1 9 7 7  d a t a .  
P o p u l a t i o n ,  p r i c e s ,  e m p l o y m e n t  a n d  i n c o m e  w i l l  be a d j u s t e d  
f o r w a r d  t o  1 9 8 0  a n d  1 9 8 2  u s i n g  a g i n g  a d j u s t m e n t s  d e v e l o p e d  
b y  o t h e r  r e s e a r c h e r s .  C o n c u r r e n t l y ,  we e x p e c t  t o  b e g i n  
w o r k  o n  a  m o r e  d y n a m i c  s i m u l a t i o n  m o d e l ,  w i t h  t h e  
r e g r e s s i o n  c o e f f i c i e n t s  a s s o c i a t e d  w i t h  b e h a v i o r a l  e q u a t i o n s  
s e r v i n g  a s  t h e  c o n d i t i o n a l  p r o b a b i l i t i e s  u s e d  t o  s t a r t  
t h e  s i m u l a t i o n .  
Demand E q u a t i o n s  
The  mode l  w h i c h  we a r e  d e v e l o p i n g  f o c u s e s  m o r e  
e x p l i c i t l y  o n  t h e  b e h a v i o r  assumed t o  u n d e r l y  o b s e r v e d  
changes  i n  m e d i c a l  c a r e  u t i l i z a t i o n  t h a n  t h e  I I A S A ,  o r  
I I A S A  r e l a t e d  m o d e l s .  M o s t  e c o n o m i c  m o d e l l i n g  i n  t h e  
U . S .  d e a l i n g  w i t h  t h e  demand f o r  h e a l t h  c a r e  makes u s e  
o f  s t a n d a r d  n e o c l a s s i c a l  a s s u m p t i o n s .  I n d i v i d u a l s  a r e  
assumed t o  be r a t i o n a l  w e l f a r e  m a x i m i z i n g  consumers  whose 
demand f o r  m e d i c a l  c a r e  i s  a  f u n c t i o n  o f  t h e i r  i n c o m e ,  
r e l a t i v e  p r i c e s  and t a s t e s .  We a d o p t  t h i s  m o d e l ,  n o t i n g  
t h a t  w h i l e  money p r i c e s  may o n l y  be i m p o r t a n t  i n  t h e  
U.S. o r  i n  c o u n t r i e s  w i t h  m a r k e t  o r i e n t e d  h e a l t h  p l a n s ,  
t i m e  p r i c e s  a r e  i m p o r t a n t  i n  b o t h  p l a n n e d  as w e l l  a s  
m a r k e t  economies .  We a n t i c i p a t e  e s t i m a t i n g  s e p a r a t e  demand 
e q u a t i o n s  f o r  d i f f e r e n t  t y p e s  o f  m e d i c a l  c a r e  and p o s s i b l y  
a1 so  b y  s e v e r i t y  o f  il l n e s s .  Thus, s e p a r a t e  demand e q u a t i o n s  
w i l l  be e s t i m a t e d  f o r  a m b u l a t o r y  p h y s i c i a n  c a r e ,  
h o s p i t a l  c a r e ,  d e n t a l  c a r e ,  and p r e s c r i b e d  m e d i c i n e s .  
We a l s o  a n t i c i p a t e  d i s t i n g u i s h i n g  be tween  e n t r y  and n o n - e n t r y  
v i s i t s  on t h e  a s s u m p t i o n  t h a t  e n t r y  v i s i t s  a r e  m o r e  l i k e l y  
t o  r e f l e c t  i n d i v i d u a l  consumer  p r e f e r e n c e s ,  and n o n - e n t r y  
v i s i t s  a r e  a o r e  l i k e l y  t o  r e f l e c t  t h e  p r e f e r e n c e s  o f  t h e  
m e d i c a l  p r o v i d e r s .  The d a t a  a l s o  a l l o w s  u s  t o  a n a l y z e  
t h e  demand f o r  m e d i c a l  c a r e  by  e p i s o d e  o f  i l l n e s s  t o  
p e r m i t  a  more r e f i n e d  and p r e c i s e  e s t i m a t e  o f  t h e  e f f e c t  
o f  c o i n s u r a n c e  and  d e d u c t i  b l e s .  We e x p e c t  t o  m e a s u r e  
demand as  q u a n t i t i e s  o f  v i s i t s ,  r a t h e r  t h a n  
e x p e n d i t u r e s ,  i n  o r d e r  t o  f a c i l i t a t e  c o n v e r t i n g  p r e d i c t e d  
v a l u e s  t o  e x p e n d i t u r e s  i n  t e r m s  o f  p r i c e s  i n  t h e  c u r r e n t  
y e a r .  I t  i s  a l s o  c l e a r  t h a t  s e v e r a l  o f  t h e  v a r i a b l e s  we 
a r e  i n t e r e s t e d  i n  may be endogenous t o  t h e  s y s t e m  and 
t h e r e f o r e  w i l l  be e s t i m a t e d  u s i n g  i n s t r u m e n t a l  v a r i a b l e s  
t e c h n i q u e s .  Economic  t h e o r y  s u g g e s t s  t h a t  t h e  q u a n t i t y  
demanded, t h e  c o i n s u r a n c e  r a t e ,  p r i c e  and p o s s i b l y  d i s a b i l i t y  
days  a r e  endogenous .  
T a b l e  1 shows s u c h  a  s e t  o f  demand e q u a t i o n s  w i t h  
t h e  g e n e r a l  c a t e g o r i e s  o f  p r e d i c t o r  v a r i a b l  es e x p e c t e d  
t o  be a s s o c i a t e d  w i t h  each  e q u a t i o n .  The number o f  
p h y s i c i a n  v i s i t s  demanded p e r  y e a r  i s  shown  t o  b e  a  f u n c t i o n  
o f  t h e  e n d o g e n o u s  n e t  p r i c e  o f  c a r e  ( i  .e .  g r o s s  p r i c e  
t i m e s  t h e  c o i n s u r a n c e  r a t e ) ,  a  c r o s s  p r i c e  v a r i a b l e  
( e . g .  p e r  d i e m  f o r  a  h o s p i t a l  bed  t i m e s  t h e  i n p a t i e n t  
c o i n s u r a n c e  r a t e ) ,  h e a l t h  s t a t u s  i n d i c e s ,  t i m e  p r i c e  a n d  
v a r i o u s  d e m o g r a p h i c  c h a r a c t e r i s t i c s .  I n  t h e  f i r s t  p r i c e  
e q u a t i o n ,  t h e  a v e r a g e  g r o s s  p r i c e  f o r  t h e  v i s i t s  i n  t h e  
demand e q u a t i o n  i s  shown t o  b e  a  f u n c t i o n  o f  t h e  e n d o g e n o u s  
n u m b e r  o f  v i s i t s ,  w a i t i n g  t i m e  f o r  a n  a p p o i n t m e n t ,  a n d  
s e a r c h  c o s t s .  I n  t h e  s e c o n d  p r i c e  e q u a t i o n  t h e  c o i n s u r a n c e  
r a t e  i s  shown t o  b e  a  f u n c t i o n  o f  t h e  e n d o g e n o u s  n u m b e r  
o f  v i s i t s ,  p r e m i u m  c o s t s ,  h e a l t h  s t a t u s  a n d  v a r i o u s  
d e m o g r a p h i c  c h a r a c t e r i s t i c s .  T h e r e  i s  some d e b a t e  a s  t o  
w h e t h e r  t h e  c o i n s u r a n c e  r a t e  i s  i n  f a c t  e n d o g e n o u s .  T h e  
b a s i s  f o r  t h e  e n d o g e n e i t y  a r g u m e n t  i s  t h a t  s i c k e r  p e o p l e  
b u y  m o r e  c o m p l e t e  i n s u r a n c e  c o v e r a g e .  T h i s  i s  a n  h y p o t h e s i s  
t h a t  we w i l l  t e s t  e m p i r i c a l l y .  The  i n t r o d u c t i o n  o f  a n  
N H I  p l a n ,  h o w e v e r ,  i s  l i k e l y  t o  make t h e  c o i n s u r a c e  r a t e  
e x o g e n e o u s .  T h i s  s y s t e m  o f  e q u a t i o n s  w i l l  b e  e s t i m a t e d  
u s i n g  a  d o u b l e  r e g r e s s i o n  p r o c e d u r e  w h i c h  i s  a  v a r i a n t  
o f  a  t w o - s t a g e  l e a s t  s q u a r e s  e s t i m a t i o n .  
T a b l e  1 
SIMULTANEOUS EQUATION MODEL OF DEVAND 
Demand E q u a t i o n :  
# V i s i t s  Demanded = f ( E n d o g e n o u s  N e t  P r i c e ,  
P e r  Y e a r  C r o s s  P r i c e ,  T i m e  P r i c e ,  
P o p u l a t i o n  
C h a r a c t e r i s t i c s )  
P r i c e  E q u a t i o n s :  
A v e r a g e  G r o s s  P r i c e  = f ( E n d o g e n o u s  P h y s i c i a n  
V i s i t s ,  Q u e u e s ,  
S e a r c h )  
C o i n s u r a n c e  R a t e  = f ( E n d o g e n o u s  V i s i t s ,  
P r e m i u m s ,  
H e a l t h  S t a t u s ,  P o p ~ ~ l  a t i o n  
C h a r a c t e r i s t i c s )  
S u p p l y  E q u a t i o n s  
The e x p e r i e n c e  o f  t h e  U n i t e d  S t a t e s  w i t h  M e d i c a r e  a n d  
M e d i c a i d  h a s  m o r e  t h a n  a d e q u a t e l y  d e m o n s t r a t e d  t h e  
f u t i l i t y  o f  i g n o r i n g  s u p p l y  c o n s i d e r a t i o n s  i n  a s s e s s i n g  
t h e  a g g r e g a t e  c o s t s  a n d  d i s t r i b u t i o n a l  e f f e c t s  o f  a  
n a t i o n a l  h e a l t h  p l a n .  U n f o r t u n a t e l y ,  n e i t h e r  t h e  
t h e o r e t i c a l  u n d e r p i n n i n g s  n o r  t h e  e c o n o m e t r i c  
s p e c i f i c a t i o n s  a r e  as  w e l l  s p e c i f i e d  o n  t h e  s u p p l y  s i d e  as  
t h e y  a r e  f o r  demand.  
The  s u p p l y  r e s p o n s e  w h i c h  h a s  g e n e r a t e d  t h e  m o s t  
c o n c e r n  i s  t h a t  o f  t h e  p h y s i c i a n .  F o r  p u r p o s e s  o f  o u r  
m o d e l ,  we assume t h e  p h y s i c i a n  i s  a  u t i l i t y  m a x i m i z i n g  
o w n e r - m a n a g e r .  U n l i k e  demand, w h e r e  t h e  e x p e c t e d  e f f e c t s  
o f  a  c h a n g e  i n  p r i c e  a r e  u n a m b i g u o u s ,  t h e  e x p e c t e d  e f f e c t s  
o f  a  c h a n g e  i n  p r i c e  c a n n o t  b e  d e t e r m i n e d  w i t h  r e s p e c t  t o  
t h e  p h y s i c i a n ' s  w o r k  e f f o r t .  We m u s t  t h e r e f o r e  r e l y  o n  a n  
e m p i r i c a l  d e t e r m i  n a t i o n  o f  p h y s i c i a n  s u p p l y  b e h a v i o r .  
T h e  s y s t e m  o f  s u p p l y  e q u a t i o n s  we p l a n  t o  e s t i m a t e  
a r e  shown i n  T a b l e  2 .  The l a b o r  s u p p l y  e q u a t i o n s  show  
h o u r s  w o r k e d  as  a  f u n c t i o n  o f  e n d o g e n o u s l y  d e t e r m i n e d  
i n c o m e ,  t h e  c h a r a c t e r i s t i c s  o f  t h e  p h y s i c i a n  a n d  t h e  
c h a r a c t e r i s t i c s  o f  t h e  p h y s i c i a n ' s  p r a c t i c e .  I n c o m e  i s  
t r e a t e d  as  e n d o g e n o u s  s i n c e  t h e  m a r g i n a l  p r o d u c t i v i t y  o f  
t h e  p h y s i c i a n  d e c l i n e s  a s  t h e  h o u r s  w o r k e d  i n c r e a s e  a n d  
t h i s  i n  t u r n  a f f e c t s  i n c o m e .  I n c o m e  i s  shown as a  
f u n c t i o n  o f  a n  e n d o g e n o u s l y  d e t e r m i n e d  p r i c e ,  h o u r s  
w o r k e d ,  t h e  p h y s i c i a n ' s  c h a r a c t e r i s t i c s  a n d  t h e  amoun t  o f  
c a p i t a l  u s e d  i n  t h e  p r a c t i c e .  T h e s e  t w o  e q u a t i o n s  
r e p r e s e n t  a  s i m p l e  m o d e l  w h i c h  c o u l d  b e  e s t i m a t e d  b y  means 
o f  t w o - s t a g e  l e a s t  s q u a r e s .  A m o r e  c o m p l e t e  m o d e l  w o u l d  
i n c l u d e  a  p r o d u c t i o n  f u n c t i o n  a n d  a  p r i c e  e q u a t i o n .  O u t p u t  
h e r e  i s  shown  a s  a  f u n c t i o n  o f  t h e  p h y s i c i a n ' s  own i n p u t  
a n d  t h e  i n p u t s  o f  o t h e r  f a c t o r s  o f  p r o d u c t i o n .  P r i c e  i s  
d e t e r m i n e d  b y  t h e  e n d o g e n o u s l y  d e t e r m i n e d  q u a n t i t y  o f  
v i s i t s ,  t h e  p h y s i c i a n ' s  own c h a r a c t e r i s t i c s  a n d  t h e  
c h a r a c t e r i s t i c s  o f  t h e  p h y s i c i a n ' s  p r a c t i c e .  T h i s  s y s t e m  
o f  e q u a t i o n s  w o u l d  y i e l d  p r e d i c t e d  r e s p o n s e s  t o  c h a n g e s  i n  
t h e  s u p p l y  p r i c e  f o r  t h e  p h y s i c i a n ' s  h o u r s  w o r k e d  a n d  
q u a n t i t y  o f  v i s i t s  s u p p l i e d .  
T a b l e  2 
SIMLILTANEOUS EQUATIONS MODEL OF PHYSICIAN SUPPLY 
L a b o r  S u p p l y  E q u a t i o n :  
H o u r s  Worked  = f ( E n d o g e n o u s  I n c o m e ,  
P h y s i c i a n  C h a r a c t e r i s t i c s ,  
C h a r a c t e r i s t i c s  o f  P r a c t i c e )  
I n c o m e  E q u a t i o n :  
I n c o m e  = f ( E n d o g e n o u s  P r i c e ,  H o u r s  Worked ,  
P h y s i c i a n  C h a r a c t e r i s t i c s ,  
P h y s i c i a n  C a p i t a l  i n  P r a c t i c e )  
P r o d u c t i o n  E q u a t i o n :  
V i s i t s  P e r  Week o r  Y e a r  = f ( P h y s i c i a n s  H o u r s  
Worked ,  I n p u t s  o f  
O t h e r  F a c t o r s )  
P r i c e  E q u a t i o n s :  
P r i c e  o f  O u t p u t  = f ( V i s i t s  P e r  Week, P h y s i c i a n  
C h a r a c t e r i s t i c s ,  
C h a r a c t e r i s t i c s  o f  P r a c t i c e ,  
" Q u a  1  i t y " )  
The  d a t a  a v a i l a b l e  f r o m  NMCES w i l l  a l l o w  u s  t o  
c a l c u l a t e  demand a n d  s u p p l y  i n  e a c h  o f  t h e  m a r k e t  a r e a s  i n  
o d r  s a m p l e ,  a g g r e g a t e  a c r o s s  m a r k e t  a r e a s ,  a n d  c a l c u l a t e  
r e g i o n a l  a n d  n a t i o n a l  e x p e n d i t u r e s  o n  h e a l t h  c a r e .  
A l t h o u g h  t h e  NMCES s a m p l e  w i l l  o n l y  a l l o w  us  t o  p r e s e n t  
d i s a g g r e g a t e d  e s t i m a t e s  o f  s u p p l y  a n d  demand a t  t h e  Census  
d i v i s i o n  l e v e l  o r  a b o v e ,  we w i l l  be a b l e  t o  a l l o w  
d i s e q u i l  i b r i u m  b e t w e e n  demand and  s u p p l y  t o  o c c u r  b e l o w  
t h i s  l e v e l ,  a t  t h e  l o c a l  m a r k e t  a r e a .  Money p r i c e  a n d  
t i m e  p r i c e  c a n  t h e n  b e  a l l o w e d  t o  a d j u s t  i n  o r d e r  t o  b r i n g  
t h e  m a r k e t  b a c k  i n  e q u i l i b r i u m .  T h i s  w i l l  b e  e s p e c i a l l y  
i m p o r t a n t  when we a l l o w  t h e  c o i n s u r a n c e  r a t e  t o  v a r y  o r  
t h e  p h y s i c i a n  f e e  s c h e d u l e  t o  c h a n g e  a s  p a r t  o f  t h e  
a n a l y s e s  o f  a n  N H I  p r o p o s a l .  
To i l l u s t r a t e  how t h e  m o d e l  w o u l d  w o r k ,  assume t h a t  a  
n a t i o n a l  h e a l t h  i n s u r a n c e  p r o p o s a l  i s  i n t r o d u c e d  w h i c h  
c h a n g e s  o n l y  t h e  s h a r e  o f  t h e  b i l l  w h i c h  t h e  i n d i v i d u a l  
p a y s  f o r  a m b u l a t o r y  c a r e .  I n  t h i s  c a s e ,  t h e  c o i n s u r a n c e  
r a t e  i s  e x o g e n o u s l y  d e t e r m i n e d  a n d  w o u l d  no  l o n g e r  b e  
r e g a r d e d  as  a n  e n d o g e n o u s  v a r i a b l e .  The  demand f o r  
p h y s i c i a n  v i s i t s  i s  e s t i m a t e d  u s i n g  v i s i t s  a n d  t h e  g r o s s  
p r i c e  o f  t h e  v i s i t  as  e n d o g e n o u s  v a r i a b l e s .  The  n e t  p r i c e  
o f  t h e  v i s i t  w o u l d  be  t h e  s p e c i f i e d  c o i n s u r a n c e  r a t e  t i m e s  
t h e  g r o s s  p r i c e  f a c e d  b y  t h e  i n d i v i d u a l  i n  h i s  own m a r k e t  
a r e a .  A g g r e g a t i n g  t h e s e  p r e d i c t e d  v a l u e s  a c r o s s  
i n d i v i d u a l s  i n  a  m a r k e t  a r e a  w i l l  g i v e  u s  t h e  number  o f  
v i s i t s  w h i c h  w o u l d  n e e d  t o  b e  s u p p l i e d  i n  a  g i v e n  a r e a  t o  
m e e t  demand. T h e s e  e s t i m a t e s  c o u l d  be  v a l u e d  i n  money 
t e r m s  a n d  a g g r e g a t e d  t o  y i e l d  a  d o l l a r  a m o u n t  w h i c h  w o u l d  
n e e d  t o  be f i n a n c e d  b y  t h e  t a x  t r a n s f e r  p o r t i o n  o f  t h e  
m o d e l  i n  o r d e r  t o  m e e t  demand.  I n  a  p r o p o s a l  w h i c h  d i d  n o t  
c h a n g e  a n y  o f  t h e  v a l u e s  i n  t h e  s u p p l y  e q u a t i o n s ,  
e s t i m a t e s  o f  t h e  v i s i t s  s u p p l i e d  i n  t h e  m a r k e t  a r e a  w o u l d  
come f r o m  t h e  o b s e r v e d  v a l u e s .  I f  t h e  i n i t i a l  e s t i m a t e s  
o f  t h e  q u a n t i t y  o f  v i s i t s  demanded a n d  t h e  q u a n t i t y  o f  
v i s i t s  s u p p l i e d  i n  a n  a r e a  a r e  n o t  e q u a l ,  we c a n  assume 
e i t h e r  t h a t  g r o s s  money p r i c e s  w o u l d  a d j u s t  o r  t h a t  
q u e u i n g  w o u l d  d e v e l o p  ( i . . ,  t h e  t i m e  p r i c e  a d j u s t )  o r  
some c o m b i n a t i o n  o f  t h e  t w o .  S e v e r a l  s e t s  o f  t i m e  a n d  
p r i c e  a d j u s t m e n t s  c o u l d  b e  p o s t u l a t e d  d e p e n d i n g  o n  o n e ' s  
v i e w s  r e g a r d i n g  p o l  i t i c a l  l y  " a 1  l o w a b l e "  l e v e l s  o f  p r i c e  
i n c r e a s e  i n  a  g i v e n  p e r i o d  o r  t h e  s p e e d  w i t h  w h i c h  t h e  
m a r k e t  c a n  a d j u s t  t o  l o c a l  d i s e q u ' i l  i b r i u m s .  B e c a u s e  t i m e  
p r i c e  i s  a  v a r i a b l e  i n  t h e  demand e q u a t i o n  a n d  g r o s s  money 
p r i c e  a  v a r i a b l e  i n  b o t h  t h e  s u p p l y  a n d  demand e q u a t i o n s ,  
b o t h  t h e  s u p p l y  o f  v i s i t s  and  t h e  demand f o r  v i s i t s  c o u l d  
be r e - e s t i m a t e d  u n t i l  e q u i l  i b r i u m  i s  a t t a i n e d .  G i v e n  
a s s u m p t i o n s  a b o u t  t h e  r a t e  a t  w h i c h  p r i c e s  a d j u s t  a n d  t h e  
i m p l i c i t  t i m e  a d j u s t m e n t s  r e q u i r e d ,  t h e  a d j u s t m e n t  p a t h s  
t o w a r d  e q u i l i b r i u m  c o u l d  b e  p l o t t e d  i n  t h e  l o c a l  m a r k e t  
a r e a s .  The d o l l a r  c o s t  o f  t h e  v i s i t s  p r o d u c e d  a t  
e q u i l i b r i u m  w o u l d  b e  a g g r e g a t e d  a c r o s s  i n d i v i d u a l s  a n d  
a c r o s s  m a r k e t s  t o  p r o d u c e  t h e  r e q u i r e d  a m o u n t  t h a t  w o u l d  
n e e d  t o  be f i n a n c e d  u n d e r  a  N a t i o n a l  H e a l t h  I n s u r a n c e  s y s t e m .  
I f  i n  a d d i t i o n  t o  c h a n g i n g  t h e  c o i n s u r a n c e  r a t e ,  a  
m a n d a t o r y  f e e  s c h e d u l e  w e r e  i n t r o d u c e d ,  t h e  s y s t e m  c h a n g e s  
a r e  more  n u m e r o u s .  The m o d e l  w o u l d  p r o c e e d  i n  t h e  same 
m a n n e r  a l t e r i n g  t h e  a p p r o p r i a t e  e x o g e n o u s  v a r i a b l e s  t o  
s p e c i f i e d  l e v e l s ,  p r e d i c t i n g  new l e v e l s  o f  s u p p l y  a n d  
demand, a l l o w i n g  l o c a l  m a r k e t s  t o  come t o  e q u i l i b r i u m  
t h r o u g h  c o m b i n a t i o n s  o f  t i m e  and  money p r i c e  a d j u s t m e n t s ,  
a g g r e g a t i n g  t h e  i m p l i e d  c o s t s  o f  s u c h  a  p r o g r a m  a c r o s s  
m a r k e t  a r e a s  a n d  f i n a n c i n g  t h e  p r o g r a m .  
A l l  o f  t h i s  c a n  b e  e x p l a i n e d  c o n c e p t u a l l y  i n  j u s t  a 
f e w  w o r d s .  A c t u a l l y  i m p l e m e n t i n g  t h e  m o d e l  i s  a  m a j o r  
u n d e r t a k i n g  w h i c h  w i l l  d e v e l o p  o v e r  t h e  n e x t  s e v e r a l  
y e a r s .  Our  i n i t i a l  e f f o r t s  w i l l  f o c u s  o n  s h o r t  r u n  
c h a n g e s  r e s u l t i n g  f r o m  NHI  p r o p o s a l s  w h i c h  p r o d u c e  o n l y  
l i m i t e d  c h a n g e s  i n  t h e  s y s t e m .  O v e r  t i m e ,  g r e a t e r  
c o m p l e x i t y  w i l l  be i n t r o d u c e d  i n t o  t h e  m o d e l ,  a1  l o w i n g  u s  
t o  e s t i m a t e  t h e  e f f e c t s  o f  m o r e  g e n e r a l i z e d  c h a n g e s  i n  a  
d y n a m i c  s e t t i n g .  
ON THE ANALYSIS OF REGIONAL HEALTH SERVICE UTILIZATION 
P. Ruotsalainen, P. Nokso-Koivisto 
INTRODUCTION 
Health care service systems (HCS) form a very complex 
socio-economic process. Many system analytical studies, 
analyses, models and simulations are shown in the literature 
[ 1! ,[ 2 1 .  Most of them are operating at a national or global 
level and it seems that HCS modeling is value to decision makers 
at national and higher levels [ 5 ] .  Our study operates at a 
regional level (district in IIASA terminology) and has a starting 
point "from bottom up". 
The hospital system in Finland is strictly regionalized, 
urgencies are nearly the only exceptions. The fundamental tenet 
of the hospital in Finland is mainly of local and regional res- 
ponsabilities. The hospital care is provided by the communes. 
Hospitals are superintended by medical officers of health (pro- 
vincial) and by the National Board of Health. The country has 
been divided into central hospital districts (CHD) for general 
hospital care (population in Tampere CHD is 350.000 and included 
34 communes). There is one central hospital (CH) in each dis- 
trict and it services the whole district. Local hospitals (LH) 
are owned by one or two communes and services their own popula- 
tion. Primary health care centers (PHCC) are also owned by 
communes or communal federation and they service patients of 
their own area. So the structure inside a district is hierarchi- 
cally organized in the mind of organization and hospital use. 
In the first phase of our study we are analyzing only the hospi- 
tal system, outpatients and private sector are out of focus 
because of the scattered statistics, but it is also possible to 
discover reliable data from private sectors. 
GOALS OF THE STUDY 
Our first focus is to analyze and describe the HCS use at 
a district level. Other interesting problems are: 
- model the present HCS use of population at a 
district level 
- find and explain differences between communes 
and districts of use of hospital care 
- try to develop a resource allocation method for 
planners and calculate alternative allocation 
plans for them 
- study the hierarchical structure of HCS and develop 
a simulation model for calculating resource sharing 
alternatives between hiearchical levels. 
Later we hope to use our methodology at a national level. 
We also hope that we can try to check the usefulness of IIASA's 
models at our district level (and also at a national level). 
SPECIAL FEATURES OF REGIONAL ANALYSIS 
Our country has a very unique HCS statistic. The infor- 
mation which includes personal data but also diagnoses and facts 
about the place of treatement, etc. forms a nationwide databank 
[ 3 ] , [ 4 ] .  It is based on individual reports and accordingly the 
aggregation is possible at any level and in all directions. At 
national level it is possible to operate with mean values and 
so bypass the stochastic nature of health care activities, but 
at communal level the situation differs. Numbers are in most 
cases so small that the use of standard statistical methods is 
impossible, especially if the whole range of rare diagnoses is 
included. At the level of communes it is difficult to discover 
any rules how the HCS use and supply is organized. Table 1 shows 

1 'lkwpere Central  hosp i t a l  d i s t r i c t  1977, hea l th  service  use d i s t r i b u t i o n  
( t o t ,  nunber of communes 34 ) 
TCH 
-
Mean value of use 
- - m - - - - m - -  3775 
Commune group I me~m 64% 
CoLm~me GR 2 mean 2 676 
Commune GR 3 mean 3 2% 
Some s e ~ a r a t e  commune % values 
- -  - - - - - - - m - - - - -  
Vli 96 
UR 77 
PHCC 
-
1 3% 
Symbo1s:TCH = Tmpere Centra l  Hospi ta l ,  DE= D i s t r i c t  Hospital  
EM = Mental Hospital  , PHCC=Primary Health Care Center 
one example from Tampere district. Mean values show that in 
1977 37% of hospital use is CH use and only 13% PHCC use, but 
some communes use nearly only CH and some other only mental 
hospital and PHCC. Therefore we are trying to develop a new 
methodology for handling communal level data for planning and 
mode 1 ing . 
For modeling, the dynamic linear programing method (DLP) 
is good at a national level, but its usefulness at a district 
level is very interesting but open to question. Our aim is to 
test its usefulness. Because the variation in data at a dis- 
trict level is high, it is necessary to check the validity of 
collected data, and pick up all anomalies and methodical varia- 
tions between communes. 
A third question is the possible "saturation" of demand 
resources at community level. Principally demanded resources 
are directly related to available resources and it seems that 
saturation is impossible. But at communal level when the 
quality of use is taken into account, we can find that at a 
certain level of supply the quality of use is changing. This 
means that we are servicing illnesses better and sooner and 
taking in more types of illnesses. Our preliminary data shows 
that this kind of "saturation" is possible in some communes and 
we are trying to model the situation. The need of hospital 
demand is basically a function of age and sex distributions and 
of the socio-economic status of population. Also the level 
used medicine has an influence. Because we have very good data- 
bank on hospital use, diagnoses, etc. it is possible to calculate 
from "known" incidence, prevalence and death rate forward, num- 
ber of needed beds, contacts, etc. Further, we can continue 
and model resource allocation problems inside the district and 
between different hierarchical levels. 
The quality of use is also important because, as mentioned 
earlier in Table 1, it is in practice possible to service the 
same kind of diseases in central or mental hospital or in PHCC. 
But CH day costs about three times as much as PHCC day. This is 
a kind of internal "elasticity" in health care at district level. 
Practically we must try to minimize this effect so that at every 
hierarchical level of HCS we use right number of beds for right 
diseases. 
USED PARAMETERS 
In our study, we are using the standard data collected 
yearly from hospitals and other service units. We are testing 
this data if it is useful and valid or what kind of new numbers 
are needed for modeling and calculating resource allocation 
choices. Basic parameters are: 
- contacts of doctors, nurses and non-medical persons 
- number of beds 
- average stay and number of patients 
- used manpower 
- non-labor costs 
Because diseases are dependent on age and sex, it is neces- 
sary to divide some parameters to subgroups. We have also many 
parameteres to describe the commune and its population. 
At regional level it is possible to use many parameteres 
without great difficulties and test which of them are signifi- 
cant (if any). 
DISCUSSION 
In our country, HCS is developing relatively fast and at 
the same time the population is ageing. The small difference 
in mortality shows that infection diseases are under control 
(also tuberculosis). As in other industrialized countries 
cancer, different kind of "urbanization disesase" and degene- 
rative diseases cause that continuously the need of service is 
higher than supply. Because the community has primarily the 
responsibility to organize and finance the needed service, a 
resource allocation method is necessary for them. 
In our study we are using system theorectical approach 
for analyzing and modeling HCS at district level. Our aim is 
also to make a longitudinal study of HCS use among society and 
analyze its development. 
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THE ROLE OF SENSITIVITY ANALYSIS 
IN HEALTH CARE SYSTEMS MODELLING 
Norman T. J, Bailey 
1. INTRODUCTION 
In the good old days, that is when I was an undergraduate, 'applied 
mathematics' was my favourite subject. It was more or less synonymous with 
'mathematical physics', but the 'physics' could be interpreted in a very broad 
sense. Statics and dynamics, electricity and magnetism, waves and tides, 
dynamical meteorology, quantum theory etc. were of course all included. The 
basic concern was with mathematical theories of what went on in the real world, 
extremes of mathematical rigour were avoided whenever possible, and the value 
of the mathematics was ultimately judged by its power in explaining and pre- 
dicting real phenomena. Nobody talked about 'models'. 
Models were of course being used all the time, The Ancient Greeks had 
done the same, and so had many of their successors, The pace began to ac- 
celerate in the seventeenth century, and still continues to do so, As 
physics is, or was, an exact science, any serious discrepancy between theory 
and observation meant that the theory was at least partially wrong and needed 


































































































































































